VAN NOSTRAND’S 


ECLECTIC 


ENGINEERING MAGAZINE. 





NO. CV.—SEPTEMBER, 1877.—VOL, XVIL. 





CABLE-MAKING FOR SUSPENSION BRIDGES AS EXEMPLI- 
FIED IN THE EAST RIVER BRIDGE. 


By WILHELM HILDENBRAND, C. E. 


Written for Van NosTRAND’s ENGINEERING MAGAZINE. 


I. 


The Guidewire—The guidewire] also the grade of floor which already 
serves as a guide, parallel to which the | amounts to 3} feet in 100’. 

single wires of a strand are suspended| The latter difficulty might be over- 
and adjusted. ‘This is the work of a few | come by lengthening the suspenders, but 
minutes, while the regulation of the this again deprives the bridge of the ad- 


4, 


guidewire requires days and sometimes 


weeks; but once adjusted it guides all | 


wires in the cable. With the commence- 
ment of every new strand it is lengthen- 
ed an inch or two as a precautionary 
measure to assure sufficient lengths for 
the former. For too short a strand there 
is no remedy, while one longer than 
necessary is easily shortened in the man- 
ner already described. 


| vantage, obtained by short suspenders, 
|viz., a rigid connection between cable 
jand floor in the center of the span 
which prevents oscillations. 

It follows, therefore, that a strict ad- 
herence to the maximum deflection is 
imperative. This deflection in the finished 
bridge will be 124.74 feet below saddle 
plates or 127.64 feet below the point of 
intersection of the two tangent lines, 


The cable, which at first hangs paral-|drawn common to cable and saddle in 
lel with the guidewire, occupies in the | river and land span. Let us now exam- 
finished bridge a considerably lower|ine the influences acting on the cable, 
position, caused by the weight of super-! which tend to change its elevation. 
structure, etc. This last position must |They are of various kinds : 
be determined before hand, and in the | at , 
ease of the East River Bridge depends| 1, The weight. of superstructure 

produces an elongation of the wires and 


upon the following considerations : | a : 
hence a sinking of the curve throughout 


The law demands that the lowest its length. 
pot of the bridge in the center of the) 2. The diagonal stays, relieve the 
river shall in no case be less than 135/}cable in the quarters next to the towers 
feet above mean high water. An indis-| partially of its load, effecting a rise at 
criminate raising of the cable however,/these places and a depression of the 
would not only increase its tension, but! central portion. 
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3. The inclination of the resultant of 
pressure towards the river causes a 
motion of saddles in the same direction, 
until equilibrium is established between 
the horizontal tensions of river and land 
cables. This will produce a further 
sinking of the cable in the middle span, 
and arise in the side spans. ’ 

4, The cables are manufactured in a 
vertical plane, but afterwards they are 
drawn in an inclined position which 
causes the vertex of the center curve to 
rise again. 

5. The changes in temperature cause 
the cable alternately to rise and fall. 

Concerning the first point: longa- 
tion of Wires.—-Extensive tests have 
been made in regard to the stretch under 
a certain load. The modulus of elasticity 
averaged 29000000 which corresponds to 


an elongation of of its length per 


14500 
net ton of strain per square inch of 
section : 


2. Effect of Stays.—The usual method 
of calculating the strength of stays con- 
sists in attributing a certain equally dis- 
tributed load to them, and in computing 
each single one according to the propor- 
tionate part of the load, and the angle 
which its direction forms with the stay. 
This of course gives only an approximate 
assurance that the stays really support 
all the weight allotted to them, and in 
consequence of this uncertainty some 
engineers have condemned altogether 
their application. They, however, neglect 
the consideration that the principal 
object of stays is not their supporting 
power, but the stiffness which they give 
to the floor. Except by such means, 
this same stiffness can only be attained 
by high and heavy trusses, which, though 
very effective, are considerably more ex- 
pensive, besides adding greater weight 
and cost to the cables. For large 
bridges, therefore, stays are a matter of 
economy. 

The following investigation will show | 
what effect the stays, if supporting a_ 
certain load, have on the shape of the 
cable. Forcing the cable to take the 
calculated shape, actually will at the 
same time force the stays to support the 
assumed load; or reversedly from the 
shape of the cable the tension of each | 
stay can be computed. Therefore the| 
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first objection to the application of stays 
becomes futile. But there exists a second 
and more serious one, namely, that in 
different temperatures they do not work 
in unison with the cable. This objection 
is justified in a great measure, and 
various devices have been proposed to 
overcome the difficulty. E. W. Serrell 
(see Report of Board of Consulting En- 
gineers of New York and Long Island 
Bridge, Feb., 1877) proposes to suspend 
a lever from the saddles over the tower, 
and to attach the stays to a series of 
pivots placed on the line of this lever, so 
arranged that its movements compensate 
for the different contractions and expan- 
sions of chain and stays. Charles Bender 
proposes to make suspender and stay in 
one piece, passing around a roller under 
the floorbeam. This arrangement 
beyond doubt effective. Perhaps an 
advantageous modification of it might 
be, instead of making suspender and 
stay continuous, to attach them sep- 
arately to a lever turning on a pivot, the 
arms of which could be so calculated as 
to confer on stay and suspender its due 
proportion of load. 

‘The trusses of the East River Bridge 
are provided with expansion joints at 
the end of the stay systems, and the 
resultant motion of floorbeams compen- 
sates for elongations and contractions in 
stays and cable. This, however, is, in 
the present case, more a fortunate com- 
bination of circumstances than an inher- 
ent consequence of the arrangement. In 
all similar cases, it is therefore advisable 
to examine the movement of certain . 
points of connection of suspender stay 
and floorbeam, under different tempera- 
tures. The point being common to the 
three parts, its final position must be the 
result of the motion of each single part. 
If not, the former equilibrium of forces 
is disturbed, and one or the other part is 
overstrained, or performs no work. 

3. Motion of Saddles.—This 


18 


takes 


place theoretically when the horizontal 


tension of the cable on one side of tower 
exceeds that on the other. But the 
friction of rollers counteracts this mo- 
tion. 

All formulas on rolling friction, as 
given in books, are based upon the sup- 
position that it stands in direct propor 
tion to radius of rollers and to the press- 
ure. But this does not agree with 
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actual experiments, on which alone a 
certain reliance can be placed. In gen- 
eral, our knowledge of rolling friction 
is small, and therefore, calculations 
based on it are more or less liable to 
errors. 

W. Nordling (Mémoire sur les Piles 
en Charpente Meétallique des grand 
Viadues), experimenting with rollers of 
ten centimeters diameter, found the 
friction for a presstfre of 1,000 kilo. to 
be 34 kilo. The result of a few experi- 
ments made by the author was 4.6 lbs 
for 1,000 Ibs. with 2 inch rollers and 5 
lbs. with 1 inch rollers. Very thorough 
and valuable experiments were made by 
Shaler Smith on the friction of draw- 
bridges, (se@ trausactions of the Ameri- 
can Society of Civil Engineers, August, 
1874). He experimented with eleven 
different drawbridges, with each from 
25 to 70 times, and found as average 
from six bridges with rollers of 2 feet 8 
inches diameter, the friction to be 6.7 
lbs. for 1,000 lbs. pressure, and 7.5 lbs, as 
average of tive bridges with rollers of 
1’ 6” diameter. The rollers under the 
saddles of the Kast River Bridge are 34 


_ inches in diameter; the weight upon each 


saddle is about 1,250 tons. Comparing 
this case with Shaler Smith’s experiments, 
and assuming that the friction will in- 
crease for smaller rollers in the ratio as 
he found, the friction will be 9§ to 10 
lbs. per 1,000 Ibs, i 

4. Cradling of Cables —Changing the 
position of cables from a vertical to an 
inclined plane will produce a negative 
factor in the causes for depression. 


In other words, it will raise the vertex 





Let AM be half the cable in its final 
position of the span 2/ and deflection 


of outer cables 0.455 feet, and. that of 
the inner 0.163 feet. Hence, the cables 
can be hung this much lower, and the 
above given deflection of 127.64 can be 
increased to 128.095 feet. 

5. Change sof Tempe rature.—A differ- 
ence of three degrees Fahrenheit causes 
the vertex of river cable to rise or to 
fall one inch. In the following calcula- 
tion no reference will be taken of 
changes produced by heat and cold; it 
is sufficient to carry it out for a certain 
fixed temperature, and we assume the 
given deflection to take place at ninety 
degrees Fahrenheit. Afterwards the 
guidewire can be corrected according to 
the temperature of the day in which it is 
regulated. 

The circumstance, that the motion of 
saddles is not known before hand, or in 
other words, that the relative span of 
middle and land cable is not defined, 
makes a general solution of the problem 
impossible. But under certain supposi- 
tions, the correctness of which afterwards 
must be prove, we can proceed in two 
ways. Kither we guess the position of 
enidewire and see whether under all the 
different influences it will reach a final 
defiection of 128.095 feet—or else we 
issume the final position of saddles and 
work backward, calculating the rise of 
the cable which would take place if the 


superstructure were removed, The as- 
sumed position of saddles must after- 
wards be verified, which generally will 
require two or three trials and repeti- 


tions of the calculation. We proceed 
after the second method and consider 
therefore the following problem : 


iwith 7,, 7,, 7, and g, over the spaces A,, 
A,, A, and A,. The load g, represents the 


#, loaded symmetrically per lineal foot | weight of superstructure per lineal foot; 
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Yq.» 4%, and qg,, the same, less support- 
ing power of stays within the spaces 
A,A, A, This supporting power is 
greatest near the tower and diminishes 
towards the outer stays on account of 
their greater length and smaller angle. 
For the sake of simplicity we assume 
only three variations and consider the 
load between two points equally dis- 
tributed. Properly it changes from 
stay to stay, but the variation is so 
small that practically it produces no 
effect and would only make the formulas 
unnecessarily lengthy and inconvenient. 

Under this supposition each piece be- 
tween points I and II, II and III, etc., is 
part of a parabola which, if prolonged, 
will have its vertex in JZ, 1, M/Z, and 
Me corresponding to the spans 7, Dd, 
Cand B and the deflections z,, f, d and 
a. Calling the ordinates of points JZ I, 
II, I and IV in regard to a horizontal 
line through A: 2,, x, #,, x, and the 
length of curve AMZ : S, we shall have 
to determine the following ten unknown 
parts: S, a,, x, x, B, CS “D, a, b, f, and 
need therefore ten equations. The whole 
system is a suspended polygon in equili- 
brium, the single parts of it consisting of 
segments of parabolas. Expressing the 
length of the whole curve in the adopted 
symbols will give the first equation. 
Three more will be obtained in express- 
ing the condition that points II, III and 
IV are points of certain parabolas. 
The horizontal force in each suspended 
polygon is equal throughout ; this will 
give three other equations. Jinally we 
receive three conditions in expressing 
that the tangents to points II, II and 
IV are each common to two parabolas. 
The length of curve AJ/ is given in the 
following formula : 


— 1+3(3) —a(. =) |} r =~ {a—~—A,) 
{+854 )- -1(5=3) 


+(0-A) | 1+3(a") -( Gay) 


2 


—(0—A,—A,) . +3( waa) 


b—2, ) ) 


j 


i( C—i—i, 





SJ—2, 
+(D—A,—A,) ; . +55 i 


Pre 
D—-i, —A, 


sl (px) 


f—x, ) 

-i( pat oak —A, ) 

A § (==%) (2) ) (1) 
Ar A 


Condition, that points A and ZV are 
points of the same parabola: 


Bt (BAe 


a a—eZz, 


= (D-A,-A,-A,) 


The same conditions for points Z/J 
and JJ: 
(C—A,)° (C—X,—A,)’ 
: b—z, Dare b—x, 


(D=A-AY _ (D=1,—1—Ly 
JS —2, a J —2, 





Equality of the horizontal force gives 
the following: 
q, B* 


oa 


q,(C—1,)? 
_ q,(D—a,—A,) 
~ $tif—a) 
of = g A” 


a 2 (x, —2,) 


Tangent in point /7 is common to 
parabolas .WJ/ and // 1//: 
D—i,—i,—i, 
= 7 . . . (8) 


S—2, 





The same’condition for points ZZ and 
IV: 
D—i,—A, a 
J—«, 
C—2z 


b—2 


Cxt.d. 
b—x, / 
Bai, 


~ &—a@, 


(9) 





. (10) 





4 


The solution of these ten equations 
seems at first laborious, but can be sim- 
plified much by introducing the follow- 
ing six new equations: 
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5 —EEEE 


en a=y/-X+ — Ha > (s-y+(2 - ) (15) 


A combination of equations (2), 


| 
| 
| 


to (10) results in: 


D=!-A, +A, 4A, +A, 
ve : 


q, (D—A,—A,)’_. : . 
q.. B _ Os, 441,44, 4A, 
(D—A,—A,—A,)’ > = | 
<a. B=), 4+421,4+44, 4, 
(C—A —A,)° qs q, de Z 
“ (C-A —=t If these values of D, C and B are sub- 
i. | stituted in equations (11) we find x, m, 
From these follows: |p, v, 8 and ¢, and consequently we have 
a—x2,=na 2,—2,=ma | in (1 2) six simple equations for determin- 
b—2,=pa f-#,=ra . (12) | ing the last six unknown parts. These 
\ are: b, f, @,, ®,, 2 ‘+, and @ or @,, according 
on which preliminary supposition the 
Substituting equations (12) in (1) the| ‘calculation was based. If originally the 
latter obtains the form: | deflection of the guide wire was assumed, 
| we know the length S and find (a) from 
—~—-iz3-s— +3 Boy equation (15) then 16) gives the un- 
8 - ——-s,” B—i,) "" c-A, ltnow n ix stion 2. If, on the other 
> pa Cpa’ hand, #, is known at the beginning, we 
*(0-i } (C—1.—-1 |find (2) from equation (16), and S by 
Mal shat | | substituting its value in (1¢). 
+3 ——__. — 3 ______ The numerical values in the present 
"(R—A,—A) ° (D—A, =i)" | case are: 1=799.55’, A,=399.77' A,=A, 
=A ,=133.26’; q,= 1212 lbs. g.= 1024 
3 ibs 7.= 762 Ibs. g,=180 lbs. #, = 128.095. 
(D=1,—1,— 1) = The span 2/ 5 equal to the distance 
mia’, ™'a* | between centers of towers plus the dis- 


— ar 


: A | tances between these and points of in- 

=3(S-2J).... (1a) | itersection. By the trigonometrical sur- 

'vey the former was found to be 1595.5 

. ae “i p' feet, and two careful measurements 

3) Bt BA) (C—-ap made across the footbrid ge by two dif- 

, ms ( Ay) ferent methods gave for “the same dis- 

Ue ‘tance 1595.3 and 1595.4 feet proving the 

“~ (D—A,—A,)* correctness of each result. In this cal- 

culation the figure of 1595.4 was taken 

t(D) oat gaee | yas ‘ . (13) asthe mean value. The total load to 

"itis ma ; be supported by stays will be 222500 Ibs. 

And: divided so, that the first set between 

41 n® pP Cy points .f and ZV supports 137500 Ihbs., 

i wok.” U8. “10-a—a the second 60,000 and the third 25 ;,000 

2 lbs. These weights deducted from the 

a it total weight and reduced to the lineal 

(D—A,—A,) (D—-A,—A,—A,) | foot give the above values for g, 7, 7, 2, 

_e - ee (14) | _ By substituting these values in equa- 
a4 tion (1) we find: 

S=812.467 


(16) 








J—#,=rsa b—zx. =tpa 


4 4 
3 a 4 dt ae 2 s 


2..2,,2 
rsa rsa’ 


"3-1.-1.-1)** 





i alling now: 


2 242 
r rs 


1 
| 
And substituting these values in (1¢) | 
We atrive at: Now suppose all weight be removed, 
.. then the saddle will move from A to -1,, 
: point J7 will rise to JZ, and the dotted 


2 
a) 


o 
a+a’ -—= — (Sl 
= a (S—2) 
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L+———_— 
*14500—w 
T= 1424.72 tons w=133.928 
hence 1=811.871 
If A, O, the span of guidewire, be 
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curve A, MZ, (see Fig. 27) will be the —812.46 
position of the guidewire. In order to} os 

find its defiection 2, we must know the | 
length of A, 47. This is equal to 147) 
less the contraction caused by removing | 
from the cable all load, and consequently | 


” 


0 


all tension. 
At point A the tension is a maximum, 
expressed through: 


ke / B? + 402 = 2892000 lbs. 


and at 47a minimum: 


9 AY 


2(%,—2, 


= 2794080 lbs. 


The average between these two and 
the tension in points J, ZZ, and ZV, is: 


2849451 Ibs. = 1424.72 tons. 


If gy, was uniformly distributed over 
the whole cable, that is, if no stays 
would help in the support of the load, 
the deflection #, would be 125 feet and 
the maximum tension at A would be 
3237858 lbs. 

This compared with the greatest ten- 
sion above reveals the curious fact, that, 
while the stays support 3ths, of the total 
load, the tension in cable is decreased 
only -?;ths. 

Calling Z the length of cable A, WV, 
w its area in square inches, 7’ the average 
tension, in tons, of cable .1.W/, we find Z 
by the formula: 


‘called 7, we finally find its deflection /,, 
through the relation: 
Z\*) 
(, ) \ 


nage gh(1-F)+ Guy 
1 

| The distance Al, we supposed to be 
| equal to 0.1 foot, hence 

2, = 799.55 + 0.1=799.65 and h,= 121.926, 
which determines the deflection of the 
guidewire in case the assumption of the 
distance AA,, will prove correct. This 
will be the case if with due regard to the 
friction of rollers, the horizontal tensions 
of river and land cables are alike. To 
determine the latter, a calculation simi- 
lar to the one for middle cable, must be 
made; but it will be sufficient to consider 
the load supported by stays as equally 
distributed. Though this assumption 
will makea noted difference in the shape 
of curve, it will change the amount of 
horizontal tension so little as to be of no 
practical value, while on the other hand, 
it will much simplify the formulas. 
Considering the uncertainty in rolling 
friction, it is altogether not necessary to 
_ be too exact in this calculation. 


= ZL 














In the diagram above, the curve A R 


Our task is to find a relation between 


M indicates the land cable, which was|the abscissas and ordinates of the new 
adjusted to balance the middle cable} curve, which will enable the determina- 
before being loaded. If now the weights tion of the horizontal tension. The 
q, and g, are suspended from it, A will) average tension in curve A, P M must 
move to A, and the curve will take the| be equal to the average tension of mid- 
position A, P M, M being a fixed point.| dle cable, and as we know the length 
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ARM, we also know the length A, PM. 

If MV, and M, are the lowest points of | 
the two par: abolas MP and PA, the! 
above length is also expresse sd by the | 
equation: 
S—C 


frs4(@) feo 


z—a \") | 
1 1+8(F=7) | 
} | 


- —(B—l) 


=) 5 
(=) 


+(B-A); +a(Z 


o— hi 
B-l 


\ 
pits 


& EAST RIVER BRIDGE. 
Bah (0 
q, 


y= Tn (C—A) (B—C) +2 


—A)+A 
(9) 
— ( C— A )’ 


Ch 


(10) 
(J—A)?+A 


21 0—~21A—% 
I. 


Substituting the values of z—a, 


cca x, 


'y—h and B in equation (1) and calling 


3 (s—l)=m we arrive after proper reduc- 


tions, at: 


(y—h)’ 


Bi 


(g—x)* | (y—2)’ 


— - + = —_ — 3(S— 
c A y my y 3 !) 
(1) 


In this equation the higher powers of 


the fractions = which are very | 


oO” 
small, were neglected, as greater accura- 
cy is not necessary. The * horizontal 
forces at A, and P must be equal, 


(B ” si a)’ ( 
Z . y—« 
In point P both parabolas WMP and 
PA, have a common tangent, 
C-A_ B-A (3) 
2-2 y—@ 2. 
To these three equations must be 
added those of the two parabolas of 
which the whole curve is composed: 
(B—A)*_y- 
(B—)" 
(2 | 
(c—Ay_ (5) 
With these five equations we can 
determine the five unknown parts 2, C, 
x, y and 2. 
From (5) and (2) follows: 


etc., 


q, C’ . 


) 


yh 


« Uy 


2—a= =, (C—A)? 


( 


and from a combination of (7) with (4): 
(8) 


i 


y—hat oh Bl) 


A result of these last equations is: 


—3it)—3t ] 


2 ( 2 ¥2 y 2 
) 3ICr+ ¢ Lv-ay(s 
+2:(3%_2) 423-64) 43.4 PX 
VE Vs VES 
q,\ 
+(4) (J—A)* ( =m” (11) 


Several expressions in (11) and (10) 
are constant, and we set, therefore, as an 
abbreviation : 


(1a) (s—' aht)-a0"= =X 
3! —2)+a(s—ch) 


+370 A+ @) (I-A) =R 


21k —%: (I—A)*—A2=p, 
7. 
Substituting the value of z in (11), the 
latter obtains the form: 
31C?+ CN= 


m . y 
a (4? C?—4lCp+p')—R 
é 


from which follows: 
4m 
N- 
ail, 





The value of C once known it is easy 
by means of equations (9) and (10) to 
find B, x, y and z. 
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The numerical values of the constant 
parts are in our case: 


1=952.65’, h=188.3’ 
7, =1212 lbs. g,=748 lbs. A=400’ 
which give the following results: 
C=1282.8 2=222.1, 
hence horizontal tension: 
Y2 
H=4, =2770592 Ibs. 
This is 23488 lbs. less than the one in| 
middle span; but the weight on one sad- | 
dle is 1250 tons (the total superstructure 
weighing about 5,000 tons), therefore if 
equilibrium consists between the two) 
spans, the friction for 1,000 lbs, must | 
be: 
28288 —9.4 Ibs. | 
2500 





This is the same as was found to cor- | 
respond with the experiments, and, | 
therefore, our supposition, that each sad- | 
dle moves 0.1’ towards the river, can be | 
considered as correct and also the calcu- | 
lated deflection of guidewire. | 

In regulating the guidewires for the | 
East River Bridge, it was at first thought | 
sufficient to adjust only the center span, | 
and to rely upon the force of gravity to’ 


x 


establish a balancing curve in each land 
span. But the result showed, that, 
though the wires were supported on 
small rollers, the friction was too great 
to allow a free rendering. A separate 
adjustment for each span was therefore 
deemed necessary. 

Two guideboards placed on the same 
level were fastened across the archways 
in both towers and a level instrument, 
on a scaffold behind, was so adjusted, 
that the cross line in the telescope coin- 
cided with the upper edges of both 
boards, while the telescope itself was 
level. With this arrangement it was 
possible to sight all four wires from the 
same position, because a turn of the 
telescope would not change the height of 
sight line. 

The guideboards were moveable in an 
iron frame in order to adjust their 
height according to the temperature. A 
similar arrangement served for the land 
spans. A board was fastened to the 
masonry of each tower forty feet below 
saddleplate. A tangent line from the 
upper edge of this board drawn to the 
land curve, will intersect the face of 
anchorage at a certain height, which, 
determined by calculation, will serve to 
establish a sight line for the regulation. 














"D 








APM (see Fig. 28a) represents the | 
curve of land cable, VW the tangent in 
point P, NZ the face of anchorage and 


KD that of tower. Taking J/ (the ver- | 
tex of the curve) as origin of coordinates, | 
My as axis of ordinates and JLY as axis | 








of abscissas and calling the coordinates of 
h,Pand N : x,y,, x,y, and #,y, we have 
first the two linear equations : 


Y¥,=ax,+b 
Y,=ax, +b 


. 
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from which follows : 
Y,—Y,=Ue,—2,) (1) 
z,y, being also a point in the parabola, 
we have the relation : 
Y= 2px,— t 
and taking the differential of a, : 


(9 
\- 


dy, _p 
dx, i 


This is the equation for the tangent to 
point P; but (@) also denotes this tan- 
iid 


gent in equation (1), hence we have a= 
U 


and (1) obtains the form : 
Py, 
Y—V=)(%,—%) 


2 


a - 
-pe, ) 

wn oY 
The position of point # being a fixed 
one, its coordinates are equal to constants 


and we can set: 


(a, ee 2.) 


y¥,=<¢ #,=d 
hence 
Pp 


2 px, 
ec sce + 


ce > 


¥,= (d—2,) 


y2= Pu@ +2de,+2,) 
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A successful regulation can only be 
accomplished in perfectly calm weather, 
‘and it requires therefore careful watch- 
ing for sometimes several weeks until a 
\favorable day offers itself. This was 
| the case at the East River Bridge, where 
for three weeks all attempts of regulating 
were fruitless. As even a light breeze 
suffices to displace considerably a wire 
of such a length, and as the utmost ex- 
actness is imperative, the importance of 
an opportune day is evident. The wires 
used for guidewires were carefully 
selected from rings of equal weight per 
foot. It was necessary to examine 
about fifty rings in order to find three of 
equal weight. This shows the import- 
ance of the precaution. The regulating 
commenced on the New York land span 
and proceeded from there to middle, 
and, lastly, to the Brooklyn land span. 
Afterwards the wires were let free and 
found to be in perfect balance. In 
other less important cases, where a dif- 
| ference in deflection of a foot or eighteen 
inches is of no consequence, the caleula- 
tion may be simplified by neglecting the 
higher powers of small fractions. Guess- 
ing, however, at the effects of stays 
according to existing bridges may be 
simple and may apparently also result in 
a strong and substantial bridge, but, 
nevertheless, should not be recommend- 
ed, because it deprives the engineer of 
the opportunity to calculate exactly the 
tensions in the different parts of his 
bridge, the ignorance of which may, if 
not fatal to the bridge, prove at least a 
loss of safety or of capital. 


¢ 
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VITALITY IN ARCHITECTURE. 


From ‘The Architect.” 


Ir the proverb be true—and few will 
be disposed to deny it—that a live dog 
is better than a dead lion, it must surely 
be of the utmost importance in all en- 
terprises of artistic composition, amongst 
other things, that they be living and not 
lifeless, 


In a general way almost every- | 


| body who looks at a picture or a statue 
in the Royal Academy halls is able to 
recognize vitality; in a building, although 
not after the same manner, the intelli- 
gent observer may none the less clearly 
perceive the presence of a spirit of de- 
sign which is quite entitled to be called 
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life, and perhaps in contrast, not far off, 
another spirit, or want of spirit, which it 
is no mistake to identify with deadness 
of soul. 

Some authorities affirm that in this 
singular century of ours architecture is 
all dead. Chaos, they will go so far as 
to say, is what prevails, and nothing 
else. We have no architecture of our 
own. There is no such thing in being as 
nineteenth century style. A facade 
might just as well be on paper as on an 
edifice; indeed a great deal better if the 
producer of it on the paper has at his 
finger tips the vitality of touch which 
makes a good drawing. ‘To copy is the 
order of the day. One copies from old 
Italy, another from old Greece, another 
from old France or Germany, another 
perhaps from old England; but every- 
body copies from somewhere a long way 
off and something probably long since 
obsolete. If anyone attempts a device 
by his own inspiration, he is found to 
have no inspiration of his own at com- 
mand, and consequently his efforts end 
in affectation and delusion, in the crea- 
tion of all kinds of dead devices and not 
living. As an especially notable case in 
point, there is, for example, the Queen 
Anne mode of architecture now in vogue, 
a more particularly lifeless affair than 
almost anything else that has ever been 
tried except perhaps the style of the 
Pavilion of King George IV. at Brighton. 

But apart from the deadness of our 
architecture in the mass, it is suggested 


that our architects in detail are a whole, 


class of very deadly-lively people. Now 
and then, and here and there, an indi- 
vidual artist makes his appearance with 
a manifestation in youth of something 
like vigor; but you have only to wait a 
little and you find that this is galvanic 
and not vital. He promises great things. 
He discountenances his brethren as weak 
vessels. He arms himself in the newly 
exhumed harness of some forgotten time 
or place, and is a nine days’ wonder be- 
cause he is actually a novelty. But 
when novelty wears off he has after all 
no more life in him than other people. 
The entire field of our current archi- 
tectural art is a valley of dry bones, 
they say. 

All this is obviously very discouraging. 
The enemies of the architect—and every- 


body in this world must have his ene-' 





mies—take up their song against him 
with infinite gusto when argument of 
this kind comes on the carpet. His 
friends are nonplussed. He _ himself 
holds his peace for sheer weariness. 
For indeed the.case is so easily made 
out against him that he knows not what 
to do to defend himself. 

How is it possible, then—and the 
question has been frequently asked—to 
breathe into the nostrils of architecture 
and of architects « little of the breath of 
life? In other words, in what direction 
may we look for the chance of being able 
to commence a new era of design, accept- 
ing the principle, as we should certainly 
have to do, that it must begin at the 
beginning and probably at a very small 
beginning? All we want, let it be said, 
is vitality, but pray let us have that. 
However rough it may be, however timid 
it may be, let it be but life and not 
deadness, and when once started it will 
go. 

Leaving out of account for the mo- 
ment ecclesiastical architecture, and re- 
serving the question whether it possesses, 
any more than secular, real vitality 
rather than galvanic, let us look at the 
secular alone as that in which the ery 
for life is most urgent. The prospect is 
certainly not a cheerful one. 

A few years ago the hope of English 
architecture lay in the endeavor to devise 
some form or forms of Secular Gothic 
which should combine the conveniences 
of modern building with the authentic 
features and details of medieval art. 
On the face of it this was an enterprise 
which might safely be said not to prom- 
ise much. The so-called poetic quaint- 
nesses which make up almost the whole 
character of genuine Gothic, non-ecclesi- 
astical work in France, Germany, or 
Belgium, must manifestly accord so 
doubtfully with those prosaic arrange- 
ments, as we call them, which constitute 
the modern essentials, that there would 
be more than a probability of the prosaic 
in this case as effectually overwhelming 
the poetic as in most other cases it does 
when urged on by essentials to compete 
with non-essentials. Not only so, but 
our very modes of construction were 
quite opposed to the character of medix- 
val secularity, and, however closely we 
imitate the masonry, carpentry, iron- 
work or whatever else of the thirteenth 
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and fourteenth centuries, we soon found 
that it was only an imitation at the best 
and not a reality. On the whole, we 
presume the idea of building Gothic 
warehouses, banks, and oflices, is in Lon- 
don abandoned aitogether, and probably 
in the great provincial cities also, while 
the town halls alone may for some time 
longer be made subjects of experiment 
on the ground that municipality, like 
ecclesiasticism, has its traditions rooted 
in the Middle Ages. At any rate it is 
difficult to point to more than one or two 
examples of our recent Secular Gothic 
which are found to command general 
approbation now; and it is not at all un- 
likely that even these exceptions, which 
prove the rule of failure, will in course 
of a little further time fall into rank 
with the rest. All this, then, may 
probably be acknowledged to constitute 
by no means a successful endeavor to 
vivify English Architecture. No doubt 


the Gothic style was both forcible and 
fashionable, but the force in this devel- 
opment of it was not vital, and the pop- 
ularity was, as usual, but fleeting. 

To go back from the present time just 
twenty years, some of our readers may 


remember better than others the 
peculiar position in which the genius of 
architecture was placed by its professors 
in the great double competition for the 
Government Offices at Whitehall which 
was held in 1857. No particular style of 
design was dictated in that instance, and 
the architectural world was engaged in 
the Battle of the Styles in a way which, 
for such a world, was more earnest than 
usual. There were to be some twelve or 
fourteen premiums awarded in the two 
divisions of the contest, and the judges 
were what is called a mixed commission, 
composed of one antiquary, one painter, 
one engineer, one amateur, and so on, 
and, as a particular favor, one architect. 
Half the number of designs in each 
division, speaking roughly, were Classic, 
and half Gothic. The course adopted by 
the mixed commission was eminently 
characteristic of such a body, and as de- 
void of vitality as any such thing could 
be. The best of the designs were simply 
placed in alternation of style, and the 
premiums awarded to Classic-Gothie- 
Classic-Gothic, if we are not mistaken, 
with the amiable regularity of a see-saw. 
The absurdity of the idea was apparent 


very 


enough, but the state of criticism was such 
that the “impartiality ” of the decision 
was universally applauded, and Lord 
Stanhope, Mr. Brunel, Mr. David 
Roberts, Mr. Burn, and their two or 
three colleagues of the same stamp, were 
considered indeed to have done a re- 
markably smart thing. It was perhaps 
a still more admirable result, as the out- 
come of the whole transaction, when Sir 
Gilbert Scott, after many years of con- 
troversy, was appointed to be architect 
of the edifice, on the humorous ground, 
as stated in Parliament in the interest of 
Secular Gothie by the ingenious Mr. 
seresford Hope, that he had stood second 
in each division of the competition, and 
was therefore in a manner ahead of both 
the men who were first in only one. 
Lord Palmerston, equally ingenious, re- 
marked that it was the first time he had 
ever heard the doctrine that the horse 
which ran always second was entitled to 
the stakes; but his lordship enjoyed at 
least this satisfaction in the end—that he 
was able to compel the architect to 
abandon his beloved Gothie and build in 
something like the rival manner. 

Secular Gothic. nevertheless, has tri- 
umphed since then, and has had a very 
fair innings. It is now succeeded by the 
Anne style. Having regard 
therefore to the demand for vitality, 
what is this? As we hawe above hinted, 
it seem to have come in as dead as a door 
nail. If we had been writing a few 
years ago and had said as dead as a 
Datch William, the phrase might have 
passed for a tolerably good architectural 
joke. The style of the Dutch William 
and that of Queen Anne are of coure in 
effect the same thing; the Dutch William, 
or, red brick house of the age of William 
the Third, being indeed no more than 
the advanced development of the mode 
of his predecessor. Compared with any 
tolerably well-dressed example of our 
Secular Gothic, we must really subinit 
that the specimens we see around us of 
modern Queen Anne are as yet not one 
whit more spirited, but rather less; and, 
as every month we wait to see what is to 
come of the change, the question becomes 
more important whether any vitality at 
all is to be manifested in it. 

If we are called upon to define this 
artistic vitality, we shall be quite safe in 
asserting, in the language of theology, 


Queen 
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that the quality cannot be defined and 
needs no defining, just as some of the 
most physiological of our philosophers 
are quite unable to define the quality of 
life in nature at large, and are content 
to suggest that, as it cannot be allowed 
to be electricity, it is something for ever 
occult. 

It is not necessarily , originality, 
nor even novelty. Bold eccentricity is 
an imitation of it, but not the reality. 
Slap-dash recklessness is as wide of the 
mark as mere mechanical finish. Even 
the article of finesse may be but a dead 
trick; and it need scarcely be said that 
high education and _ superabundant 
knowledge are to all appearance more 
likely to result in polished inanity than 
in anything more hopeful. Some authori- 
ties consider that at any rate the most 
likely way to reach it is to cultivate an 
intelligent and thoughtful dbrusguerie, 
trusting that such a spirit, being un- 


doubtedly vigorous, may eventually ex- 
pand, or contract, into vitality. Nor 
does it seem desirable just now, as the 
world goes, to discourage this hope. 
Thought and freedom, with modesty, 
appear as likely to have good effect as 
anything could. 

No doubt medizval architecture dis- 
plays a large amount of unmistakable 
vitality, and we are willing to maintain 
that its revival in our own day has been 
productive of not a little that looks very 
like genuine life, at least in the best 
church work. But we fear it cannot be 
said that in classic architecture even the 
French, with all their finesse, have reach- 
ed the same point, while we ourselves 
are far behind. There are those who 
‘hint that it is reserved for the engineer 
'to make the dry bones of classic archi- 
tecture live, but there is at least no sign 
for the present how this is to be accom- 
plished. 








THE INITIAL STIFFNESS OF 


THE ST. LOUIS ARCH, ETC. 


By HENRY T. EDDY, C. E., Ph. D., University of Cincinnati. 


Written for VAN NosTRAND’s MAGAZINE, 


In a communigation “Concerning the | 
St. Louis Ar¢h,” published in the August | 
number of this Magazine, C. Shaler) 
Smith, C.E., has stated that in two par-| 
ticulars my recent discussion of that. 
bridge was erroneous. This distinguished | 
engineer has so complete an acquaintance | 
with the theory and practice ‘of bridge | 
building, that his opinions upon these | 
questions are of great weight; but as I) 
am unable yet to agree with him respect- | 
ing the points in dispute, I wish in few | 
words to show the substantial truth of 
the opinions which he claims are errone- 
ous. 

In the first place, he asserts that the 
following statement is “ erroneous in the 
highest degree :” “The St. Louis Arch | 
is wanting in initial stiffness to such an 
extent, that the weight of a single 
person is sufficient to cause a considera- 
ble tremor over an entire span.” 


independently. Now, admitting for the 
moment that this is an exaggerated 
statement of the fact, I think we are en- 
titled to assert that the Arch is deficient 
in initial stiffness, even from Mr. Smith’s 
own testimony; for he states in the same 
paragraph, that “the maximum effect of 
all is produced by the passage of a coal 
wagon loaded to seven tons, jolting over 
the rough flooring.” Now, this is less 
than two per cent. of the live load which 
the Arch is designed to sustain, and is a 
mere nothing compared with the enor- 
mous load which the bridge would sus- 
tain without injury. It is of no conse- 
quence whether the weight be seven tons 
or less, the fact that any such small 
weight produces a maximum effect of 
this kind shows the initial flexibility of 
the Arch. The cause of this flexibility 
appears to lie in the fact, that the points 


|of zero bending moment are shifted back 


This statement was made to the/and forth for a great distance along the 


writer by two credible and competent | 


Arch by the jolting of the wagon; and 


witnesses who had examined the bridge | it is not beyond belief that at certain 


. 
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temperatures the same effect may be 
produced by the weight of a single per- 
son jumping up and down at the crown. 
When, however, a great weight moves 
upon the bridge, the bending moments 
immediately become more considerable, 
and the points of zero bending moment 
become more sharply defined by the 
comparatively large moments on either 
side of it; or, to describe the fact in 
graphical terms, when the bridge is not 
lo: ided, the curve of equilibrium ; approxi- 
mates closely to the curve of the arch 
itself, and a_ slight additional weight 
moves their points of intersection long 
distances; but in case of a large eccen- 
tric load the curves diverge widely, and 
cut each other at a larger angle, while « 
small additional load changes the con- 
figuration very little. This initial flexi- 
bility appears to be the necessary con- 
dition of any stiff girder subjected to 
very small bending moments, and the 
case of the stiffening truss of an ordinary 
suspension bridge, mentioned by Mr. 
Smith, is ex xactly in point. The case of 
the Suspension Bridge, at Cincinnati, 
affords a curious confirmation of this 
theory. The vertical component of any 
tremor is propogated but a short distance 
along the bridge, owing to the frictional 
stiffness of the roadway and truss which 
quickly destroys waves of this kind, as 
was explained in my recent discussion of 
that bridge; but, on the contrary, the 
horizontal lateral component of the 
tremor due to jolting of passing loads is 
noticeable for considerable 
The flooring and roadway, excepting 
when a strong wind is blowing against 
the bridge, are precisely in the condition 
just spoken of as favorable to the propo- 
gation of considerable tremors, 

These results show the incorrectness 
of supposing that “theorizing on this 
special subject is useless,” provided the 
theory and facts agree. In the second 
place, exception is taken to the following 
sentence of my article: “It is the con- 
viction of the writer that the stiff arch 
rib adopted in the construction of the 
St. Louis Bridge was a costly mistake, 
and that, if a metal arch was desirable, 


a flexible arch rib with stiffening truss, 


was far cheaper and in every 
preferable.” Now any bridge 
costs so much that the income from it 
does not now, or cannot in the near 


way 


|to design the bridge, 


distances. | 


which | 
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folie yield a fair return on the capital 
invested, is “a costly mistake” in pro- 
portion to the magnitude of the invest- 
ment. Iam informed that the St. Louis 
Bridge, costing some twelve or thirteen 
millions of dollars, was a very bad in- 
vestment of capital, and I suppose I 
share the information with a large con- 
stituency. I shall be glad to learn that 
I am mistaken, and that the bridge pays 
a fair per cent. upon its first cost. Were 
Chief Engineer Smith now called upon 
he would, I have 
no doubt, recommend a truss instead of 
an arch, as the feasibility and cheapness 
of a 520 feet truss is proven by the 
design adopted for the 520 feet span of 
the Southern Railway Bridge, at Cin- 
cinnati. Ihad supposed, as above stated, 
that it was possible to build a flexible 
arch and straight truss more cheaply 
than a stiff arch. It seems from the ad- 
missions of Mr. Smith, that the cost of 
manufacturing the parts of the flexible 


‘arch is less than that of the braced arch, 


but that the cost of erecting the former 
is much the greater of the two, owing to 
the false works needed in the former 
case, and not needed in the latter. Now, 
no one is perhaps more fully informed 
than Mr. Smith, as to what it is possible 
to do in the way of erecting bridges 
without false works, and I should like to 
ask him if he is willing, in the light of 
what has now been accomplished in this 
particular, to adhere to the statement, 
that “a flexible arch could not” be 
erected, of the dimensions proposed, 
without false works. I have not found 
time to make the necessary computations, 
but it appears reasonable to suppose 
that the bracing between the arch and 
its stiffening truss could, at a very 
moderate expense, be designed to sus- 
tain the stresses it would be subjected to 
in case the arch were erected without 
false works. 

In conclusion, the St. Louis Bridge is 
of an unusual type, and its construction 
was, in some respects, an experiment; it 
ought, therefore, to receive such discus- 
sion and criticism at the hands of those 
interested in bridges, as to settle as many 
disputed points as possible. If the 
bridge is wanting in initial stiffness, the 
engineering profession ought to be in- 
formed of the fact; and, if possible, the 
real reason of it, according to sound 
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theory, should be also pointed out, in 
order that the defect may be avoided in 
future. If the first cost of the bridge 
was excessive, that too is a mistake 
which may perhaps not be again com- 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 


~ 


mitted, especially if it be shown that in 
spans of this length some other design 
presents fewer difficulties in an engineer- 
ing point of view, and is less costly to 
execute. 





THE MANUFACTURE OF GONGS. 


By G. W. YAPP. 


From “ Journal of the Society of Arts.” 


Tue effect of hammering 
Chinese gongs extremely brittle, a sharp, 
sudden blow causing them to fly to 
pieces like glass. The Chinese, there- 
fore, use them with great care near the 
outer edge, tapping them gently with a 
padded stick, and cause the vibrations to 
increase very gradually until their full 
sound is evolved. When by accident 
they are broken, the pieces are collected 
with great care for the fabrication of 
new gongs. These pieces are heated to 
a dull red, and when cooled are easily 
broken into fragments. The best of 
these are selected, and, being mixed with 
the metal scraped off the gongs in the 
manufacture, are melted in common cru- 
cibles like those used in England, each 
crucible containing 7 Ibs. or 8 Ibs. of the 
metal, in & special furnace which holds 
two crucibles. The fuel used is a kind 
of short-flamed coal, something like an- 
thracite in appearance. The combustion 
is conducted with much care, the coal 
being placed around the crucibles by 
means of large tongs through a circular 
aperture in the furnace; and the heat is 
maintained by means of a simple blower, 
which consists of a long rectangular box 
with a wooden piston and clappers. 


When the contents of a crucible are | 


melted, the latter is taken from the 
furnace and weighed, and as soon as it is 
emptied it is refilled and replaced in the 
furnace. The temperature is very high, 
and it isin the upper part of the furnace 
that the broken metal is heated to red- 
ness, as already stated. 

When melted, the metal is well stirred 
in the crucible before being turned out, 
the oxide and scum being at the same 
time carefully removed from the surface. 


renders | 


which consists of a dise of iron lying on 
a stone slab, and on which is placed a 
rim of clay to form the edge of the 
mould. The whole is then greased with 
oil obtained from oleaginous peas and 
sprinkled with fine sand; a conical cover 
of burnt clay is placed on the moist clay 
ring, and an orifice at the top of the cone 


> 


is fitted with a funnel, through which 
the molten metal is poured. The object 
of all this arrangement is double; it 
prevents the metal cooling too rapidly in 
the mould, and it protects the workmen 
from the spitting of the metal. When 
the metal is set, but still red, the cover 
and the clay are removed, and the cake, 
which is less than half an inch thick, is 
well scrubbed with a sort of wooden 
brush on both sides to remove all impuri- 
ties. 

The first hammering is performed 
while the gong metal is still red, on a 
piece of cast iron about 6 inches high 
and 10 inches to twelve inches in diame- 
ter, and mounted on a block of wood. 
The disc is then beaten with a hammer 
which has a spherical head, and which, 
having a long and flexible bamboo han- 
dle, allows the workman to strike a hard 
but not dead blow. Two men are em- 
ployed in this operation, one wielding 
the hammer and the other turning the 
metal dise in such a manner that it is 
gradually rendered concave. When this 
first hammering is finished, a dise of 14 
inches diameter is raised to 24 inches to 
3 inches; the piece is then carried into 
another shop, where there is a furnace 
about 4 feet in diameter, heated with 
charcoal, and furnished, like the former, 
with a blowing-box. A skilled work- 
man, who is seated by the furnace, re- 


It is then poured out into a mould,|moves the disc from the latter at the 
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critical moment to an anvil close at 
hand, and guides it while it is being 
hammered. On one side is a cistern of 
cold water, level with the floor of the 
shop, and on the other is a simple ma- 
chine on which the disc is clipped round 
the edge by a cold chisel. While being 
heated, the workman turns the partly- 
formed gong round and round and over 
and over on the mass of incandescent 
charcoal, so that the metal may be heat- 
ed thoroughly throughout; and when on 
the anvil—which, like the former, “is a 
mass of cast iron—it is directed by the 
chief workman and beaten by five men 
with hammers and long handles. A 
peculiarity in the arrangement is that 
three of the men hammer continually in 
regular rotation, while the other two 
wield large hammers, but beat in unison 
with the rest. The ability and precision 
which these men show with their heavy 
hammers is said to be marvelous. The 
chief workman stops the operation when 
the sound of the metal tells him when it 
is getting cool, places it again in the 
furnace, and, when sufficiently heated, it 
is hammered a second time in the same 
manner. When this is done the gong is 
nearly of the proper form, and five or six 
in the same stage of fabrication are then 
heated together, and afterwards hammer- 
ed together on the anvil. While this is 
being performed, all the five strikers aim 
at the same spot, the firemen turning 
and directing the work. By this system 
all the gongs are brought to the same 


shape and thickness one with the other.. 


But the hammering is continued even 
after this, the two strikers exchanging 
their heavy hammers for wooden mallets 
with flat faces; this hammering is con- 
tinued for a long time—three-quarters of 
an hour, says M. Champion, for gongs 
only 20 inches in diameter. Finally, the 
gongs are separated, and each one again 
hammered alone—principally, it would 
appear, in order to make any corrections 
in form—and the edges are carefuily 
pared with a cold chisel. At this stage 
the gongs are very brittle, clippings 
being easily broken between the fingers; 
they are, therefore, heated to dull red- 
ness, and plunged for a few seconds in 
cold water, which is said not to contain 
any added substances to aid in the tem- 
pering. 

The gongs are then taken into another 
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shop, where they are scrubbed with a 
wollen rag and salt water; the water in 
evaporating leaves a small amount of 
salt on the metal, and the gong in this 
condition is again placed in the furnace, 
turned about in every direction, and 
again hammered. When the central 
portion of the gong is finished, the edges 
alone are heated, in order that any faults 
may be corrected. During these last 
operations, in order that the action of the 
fire may be more regular, and that no 
heat may be lost unnecessarily, a large 
sheet-iron cover, suspended to a bamboo 
handle, is held over the gong while in 
the fire, and is lifted from time to time 
to allow the firemen to see and turn the 
work. 

Still the work is not yet completed : 
the edge of the gong has to be turned up 
to the proper angle, which operation is 
described as requiring the greatest 
ability in the workmen, for a single false 
blow would cause the metal to crack. 
The gong is now heated to redness for 
the last time, and thrown into cold 
water, where it is left for two or three 
minutes, when it is taken out and briskly 
rubbed with a wooden mallet to remove 
any oxide or foreign matter that may 
adhere to the surface. The final 
rection of the edge of the gong is 
effected by a workman who sits on the 
ground, and who uses two hammers with 
short handles, one to strike with and the 
other as an anvil. When he has com- 
‘pleted his work, another man takes the 
gong, places it on an anvil about s inches 
square in the face, and with a round-faced 
hammer, weighing about 1 pound, with 
a short handle, passes over the surface, 
systematically commencing at the center 
and proceeding by concentric rings to 
the outer edge, 
the blows are given in the direction of 
the radii, but thie reason of this is not 
explained. The blows are vigorous, but 
the wrist of the workmen must be elastie, 
as it were, so that the shock shall not 
last too long; but, with all possible care, 
the work sometimes fails at this point, 
and should a crack oceur, which the 
workman knows immediately by the 
sound, the piece is thrown with the 
waste metal. The traces this last 
series of blows are generally apparent in 
the finished gongs, although before 
leaving the factory they are scraped 


cor- 


Sometimes, however, 


of 
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; : . . a , 
with steel tools, either entirely or par-| laborious nature. The tam-tam is a 
tially, the scraping being always effected | necessary instrument at all marriages, 
from the center to the circle indicated. | funerals, public and _ religious fétes, in 

The composition of these gongs has| short, in all ceremonies, and even on the 
been found by the analysis of many | occasion of visits of the superior man- 
specimens to be as follows: |darins; the demand for them is conse- 
Copper 82.00 parts, | quently enormous, and their production 
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. 17.00 
1.00 
0 ee sie awh pecans .. traces, 


| 
6 } 
| 


“é 


| gives employment to a large number of 
/men. 


—— ome 


| 

The last-named metal can only be dis-| 
covered by operating upon several} A piscovery of mineral salt of much 
grammes of the alloy. |interest and importance has, says the 
In the manufactory inspected, the men| London Times, recently been made at 
were, on account of the excessive heat,| Aschersleben, in Prussia, in the vicinity 
working only during the night." They|of the Hartz Mountains. Within the 
were pzid fixed sums, and were bound to/} last twenty years the Governments of 
produce a certain number of gongs; the Prussia and Anhalt have been deriving 
foreman who had the complete direction | large profits from the working of sun- 





of the work received one piastre (about | 
4s. 6d.) per day, and the workman half} 
that sum. The whole of them worked | 
all but naked. 

At Pekin and other places in the North | 
of China, gongs may sometimes be seen | 
a yard and even more in diameter; but! 
these are rarely seen in the shops; they | 
are said to be made in Cochin-China. A| 
remarkably fine example was shown in 


the Japanese section of the Paris Exhi-| 
bition of 1867; it was suspended, as| 
usual, by means of silk-covered cords, | 


and was struck by means of a piece of 
wood weighing probably 20 pounds, | 
which wés also suspended with one end | 
opposite the center of the gong. The! 
sound of this instrument was superb. | 
The resonance of gongs varies materially, | 
and the Chinese class their tones as male 
or female; those which have been sub- 
jected to the most careful and pro-| 
longed hammering produce the male} 
tones. 

M. Champion remarks that the Chinese | 
gong-makers have a careless and apathe- 
tic air, but the skill, sureness of hand, 
and vigor which they e&hibit in effecting 
the above long and tedious operations | 
are surprising; their activity and energy | 
is such that it-is questionable whether | 
any European workman could conduct | 
such an operation successfully in the} 
same time. The most celebrated place | 
for the production of gongs is Su-tchou, 
a town remarkable for many manufac- 
tures. 

The work is not carried on during 
the hottest months, on account of its 


dry pits or mines productive of potash 
salts, situated at Stassfurth and Leopold- 
shall. Hitherto these undertakings have 
enjoyed a monopoly, but an independent 
party of explorers, aided by the diamond 
rock-boring apparatus, have succeeded 
in reaching the potash deposits at mod- 
erate depths not far from Stassfurth. 
The first boring reached what is called 
the “kainit” portion of the potash layer, 
which was proved to have a thickness of 
fifty English feet. As the Prussian 
mining law entitles the discoverers to a 
concession equal to an area of 2,189,000 
square meters, it is computed that this 
discovery includes about 66,000,00u tons 
of potash salt. 

But the explorers, consisting chiefly of 
English capitalists, have proceeded fur- 
ther, and by means of other borings have 
obtained the command of an enormous 
area of these valuable deposits, which 
are now going to be extensively worked, 


|The discovery is likely to be of great 


service to chemical industry, by pro- 


viding an ample supply of one of its sta- 


ple commodities, the want of which 
threatened at one time to be rather seri- 
ous. The extraordinary fertility impart- 
ed to the soil by the use of potash ma- 
nure also renders the discovery a matter 
of direct interest to the agriculturist. 
Experience gained in Germany and Hol- 
land shows that by the use of the kainit 
and other forms of potash, land naturally 
poor can be made to bear extraordinary 
crops. This system of fertilization has 
been found peculiarly advantageous in 
the case of peat lands and moors. 
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PITCH OF RIVETS AND THICKNESS OF WEB IN RIVETED 
PLATE GIRDERS. 
By THEODORE COOPER, C. E. 


Written for Van NostRabp’s MaGazing, 


Tue calculation of the sectional areas| calculated as any other proportions of 
of the flanges of plate girders is readily | the girders, governed, of course, as other 
performed, and generally correct; but) parts are by our present knowledge of 
when we examine the existing practice the resistance of the material under the 
as to the pitch of rivets and thickness of | kind of strain acting upon them. 
webs employed, we find a wide varia-| . We could prove our formule in a gen- 
tion. They are too often assumed by | eral manner, and then descend to particu- 
guessing or left to the option of the man-| lar examples, but we believe most practi- 
ufacturer. This must be due to a want|cal men abhor analytical investigations, 
of comprehension as to the laws govern-| we will therefore prove our propositions 
ing these points. They are as readily! for the commoner practical cases. 


<7” 
C1 
[) 














S 


\ 








Ist. A simple girder supported at the maximum value at the weight W. This 
two ends and carrying a single weight increase in the stress is received from the 
W at any point. The reaction at sup- web, and must be transferred by the 
port A, or proportion of W delivered to rivets connecting the web with the 


. W(/—a) flanges. The number of rivets therefore 
that point equals ——— 3 The reac “porpeon any two flange sections, must be 
sufficient to transfer this difference of 
tion at B=“ (2), The moment at any = . ; 
W (/—a)z For any point 2, F ae. Se 
point « equals M, =———-——(3)._ The yP — ae ~ hk 
stress produced by this moment upon since V the vertical shearing force at this 
ee W (/—a) 
- a _ W(l—a)s s—-—-. 
the flanges at 2, 1s, F,= Ty), point, equals 7 
That portion of the vertical force W et Oe see yeh ot Fog 


which passes to the support A, or Vie—)é 

W(i—a). , aa 

——— is constant for all points be-| . ‘ ' . , 
l f upon the rivets in the space 6 (which we 

tween W and A, and is known as the will call w) or 

vertical shearing force between these Vz—V(e—6) Ve 

points. These are the well known) ——— = (8) 

formule as usually applied. We will : ; 

now proceed to develop the stress com- | ti lone iia anak elie Wien 

ing upon the rivets connecting the web S°CUUVEe Tivels or the rivet pited, ten 

|the stress upon any rivet equals the 


with the flanges m and o. aided a age. 
By examination of equation 4 we see | Vertical Shear xX the pitch i. pitch 6= 


that the flange strain varies for each —— of the girder 

value of x; being nothing at the supports, |” <“ : : : ‘ 

and increases regularly till it reaches a’ V oo Cat &, Be ph sequin’ & 
Vor. XVIL—No, 3—14 


The difference is the stress 


Let d=the distance between two con- 
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equal to the allowed stress upon one 
rivet multiplied by the depth of the gird- 
er, and divided by the vertical shear at 
the required point. 

For this particular case, the depth and 
shear being constant, the pitch will be 
uniform from W to the supports, but 

‘different on opposite sides of the weight, 
unless the weight is at the center of the 
girder. 

2d. A similar girder with a uniform 
load per foot of w. 

OG 





The vertical shear at any point y, Vy 


=wy. P 
W(e+y)(e—y) 
2h 





Flange strain at y, Fy= 


_W(e-y), 
~ oh 

Flange strain at y+0, Fy 4 g= 
w (c’—(y+9)’) 

2h 

As before, the difference of these flange 
strains will be the stress upon the rivets 
in space 6, 





or =a —y'—e ty" + 248+") 
. 


6 0 
wd ad YT5 . 
=F+3)=—— 


which is identically the same as determ- 
ined in previous case. 

3d. A similar girder fixed at both ends 
and carrying a uniform load w. 


The vertical shear at any point y, V, 
=—Wy . 
: w(?—y’ 
Flange strain at y, Fy= ks iow fe 
12, 
30° 


Flange strain at y+0, 
W(c?—(y+6)’) 12 
Fy +6= ( wy ae! 





6 
Vy+9 


————- as before. 


Hence w= qh 





We have restricted our investigation 


to parallel flanges for sake of simplicity, 
but the same results may be worked out 
for girders with inclined flanges. 

What has been proved for stationary 
loads will equally apply to all cases of 
moving loads, the proper value for the 
vertical shear being determined for each 
special case. 

For moving loads an additional fact 
must be borne in mind, that as a load 
passes from one end to the other of a 
girder the vertical shear is alternately 
negative and positive for each point, or 
in other words, the stress upon each rivet 
under a moving load is first towards one 
support, and then towards the other. 
Experiments show that when any piece 
is subjected alternately to strains in oppo- 
site directions, the total effect is more 
nearly the sum of the two, and for rivets 
especially the sum of the two stresses 
should be considered. This can readily 
be done by taking the sum of the verti- 
cal shears, as the total shear at any 
point. For example, a single concen- 
trated weight W passing from one end 
to the other of a supported girder. The 
shear toward the support A is repre- 


a 

















’ Fig.3 

sented graphically by the triangle BA 
¢, and towards the support B by the tri- 
angle ABd. The shear at each end be- 
ing equal to W, and at the center to 


+ and—™. By summing the two 


shears at all points we see it becomes 
equal to W. All the rivets, therefore, 
in such a girder should be proportioned 
for a stress equal to the whole weight. 

A 





c 


For a distributed load passing over a 
girder, the shear is represented by the 
two parabolas ABd and BAc. The shear 
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. Wi 
at each end being — and at the center 


i. 
8 
For such a girder it will be sufficient 


practically to proportion the rivets at the 


l 
ends for a shear of = and at the center 


l , , 
for Laid or twice the pitch at the ends. 


The intermediate ones proportionally. 
Value of w. We have represented the 
stress transferred by each rivet by the 
symbol ». ‘This stress tends to shear the 
rivet, and also to elongate or tear out 
the rivet holes in the pieces connected by 








Fig. 5. 
the rivet. (We shall not take into con- 
sideration the stress transferred by the 


|friction due to the contraction of the 
rivet, as it is uncertain in amount and in 
duration), » must then, in well propor- 
| tioned girders, be less than or equal to 
| the safe shearing resistance of the rivet. 
/It must also be equal or less than the 
safe compressive resistance upon the 
'area of the rivet hole in the thinnest 
member (web or flange) which is usually 
the web sheet. 


Wetherefore have w=or< 
| ( 6,000 Ibs. xarea of rivet (double or 
single shear) (7) 
12,000 lbs. xtxd 
t=thickness of web in inches 
d=diameter of rivet in inches 


We have taken the allowed stress for 
shearing of rivets at 6,000 lbs., this being 
a fair value for iron which should have 
10,000th safe strain under a tensile force, 
and 12,000 lbs. per 0” as the safe com- 
pression upon the rivet hole, this being a 
proper value judging from the results 
obtained by the tearing action of pins in 
pin holes. 

Whichever value of » is the /east of 





these two, must be used in each particu- 
lar case. 





| 


| Single Shear. | Double Shear. 





w for Shear of Rivets 





For 1” Rivets. 
it 


9424 
284 
7216 
6222 
5502 
4454 © 
3682 


4712 lbs. 
4142 
3608 
3111 
2751 


2997 


aw 


1841 








: P | 
w for compression on rivet holes | Thickness! 
of 
Web. 


Diameter of Rivets. 


1” 


| #8 





2250 | 2484 | 2625 | 2812 | 3000 








2812 | 3045 | 3281 3515 | 37! 





3656 





3375 


3937 | 4218 


| 








4265 | 4593 | 4921 





3750 4868 | 5250 | 5624 | 6000 





4218 5482 5906 | 6327 6750 





7030 


4687 6094 | 6562 7500 





5156 6703 | 7219 | 7734 


R250 





7875 | 


5625 312 8457 | 9000 
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By substitution of the least value of 
w for the particular thickness of web and 
diameter of rivet to be employed, in the 
formula (6). 

oxh 


taking the pitch and depth in the same 
unit of measure (inches preferably) we 
obtain the desired pitch. 

THICKNESS OF WEB. 

In formula (7) we see the influence of 
the thickness of the web, and from it can 
readily determine the /east value allowed 
for such thickness. From (7) and (6) we 


et 
° — a, . (8) 
~12000d 12000 dh 
all dimensions in inches. 
Practically the pitch of rivets (for a 
single row) should not be less than 4d. 
Hence for the case of a single row of 
rivets é6=4d, 
— . ee (9) 
~~ 12000 dh 3000 A 
(¢ and / in inches) 
Formula 8 is general and applicable to 
all cases. Formula 9 will apply to the 
more common cases where the parts only 
allow of one row of rivets. These for- 
mulae give the varying thickness allowed 





t 





t 





in webs at different points of the girder 
by substituting the value of V, the ver- 
tical shear, at the yee | pe 
Feamples.—ist. A load W (stationary) 
=24000 lbs. at center of a girder with a 


Q 





iN IN 


Fig.6 

single row of rivets and pitch=4d, using 
(9) we get 

4 
Depth in inches. 
2d. For the same load in motion 

8 
Depth in inches. 

3d. For a uniform load W/, 
Wi 

sg 
becomes 





Thickness in ineches= 





Thickness in inches= 


at the end of the girder and (9) 


_ Wlinfeet _ W i (10) 
~ 6000 Ain ins. 72000d 
(7 and d being reduced to same unit) 





By which we see that for the same 

unit of load, the thickness of the web 
l 

qi or for the 

same ratio of 7 the thickness depends 


depends upon the ratio 


upon the unit of load. We can there- 
fore tabulate these results : 





ae 


2000 


2500 3000 3500 








] 
| 
| 





i 





+ 
te 
fo 











For the lighter weights, it will be more | 


economical to make the web of the same 
thickness throughout the girder, restrict- 
ing the size to }” as the thinest web to 
be used in any case. 

For the heavier loads it will become a 
question of circumstances whether to 
make the web of one thickness for its 
whole length, or whether to reduce it 
towards the center and maintain the 


angles parallel by means of filling plates | 


—or using wider angles, and increasing 
the frequency of the rivets by having 
more than one row of rivets. 

The preceding investigation determ- 
ines only the minimum value for the 





thickness of the web, necessary to resist 
the compressive strain brought upon it 
at the rivet holes, by the horizontal 
stress w transferred to the flanges. In 
addition, the web must be able to resist 
the buckling tendency due to the verti- 
cal shear V at any point. We must 
therefore consider 


THE WEB AS A COLUMN. 

Tet ABCD be a section of the web, 
AC being a section at any point and V 
the vertical shear at that point, w is the 
horizontal stress for a length 6 on the 


line AB, — 


5 the same for a unit of length 
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D 


h , : 
and H=5, will be the amount of this 
stress for a distance / equal to the depth 
of the girder. But by equation (6) 
‘=v, whence we see that the horizon- 
tal and vertical shears are of equal inten- 
sity. We may therefore consider the 
vertical force acting upon any horizontal 
unit of the web to be the same as the 
portion of V acting upon a unit of the 


surface AC or a. From equation (9) 


A 
3000 lbs. 


been determined by formula (9), we 
must find what depth of girder will safe- 
ly resist as a column a strain of 3000 lbs. 
per 0”. Using Gordon’s formula with 
4 of ultimate as a safe strain, we have 


9000 
8000 Ibs. = 


site 30002” 
girder and ¢ thickness of web. Solving 


Therefore if our web has 


, A being depth of 


this we obtain = 7%. 





We may safely assume then that the 
web as determined by the formula (9) is 
able to resist buckling if the depth of 
the web does not exceed 80 times the 
thickness. 

VERTICAL STIFFNESS. 


When the depth of the web exceeds 
the above limit, it must either be made 
thicker, or else vertical stiffness must be 
added to resist the tendency to buckling. 

It will also in all cases, be necessary 
to introduce vertical stiffness at the 
points of support, and beneath each con- 
centrated load. They must be propor- 
tioned as columns and must contain rivets 
enough to transfer or receive the whole 
shearing force coming upon them, to or 
from the web. 

A close fitting against the flanges 
alone will not be sufficient. This is self 
evident by an inspection of the forces 
shown in the section of the web in pre- 
ceding paragraph. 

WEB SPLICES. 

When the web is formed of several 
pieces, these pieces must be spliced 
strongly enough to transfer all strains 
coming upon the web; which is V both 
in the vertical and horizontal directions, 
for a length of web equal to the depth 
of the girder. Therefore, the number of 
rivets on each side of a web, splice must 
be determined by the formula. 


Number of rivets=~ taking the least 


value of w from the preceding tables. 





THE SEWAGE QUESTION. 
By C. NORMAN BAZALGETTE, Barrister-at-Law. 
From Proceedings of the Institution of Civil Engineers. 
Il. 


A DIFFERENT tone distinguished the 
statements of the Commissioners in their 
second Report on the A BC process, dated 
the 4th of July, 1870, in which (p. 19) 
they say, “It is no doubt very desirable, 
in the interest of those towns where sew- 
age cannot be dealt with by irrigation, 
that an experiment in intermittent down- 
ward filtration should be conducted on 
what may be considered a working scale, 





when all those difficulties would arise 
which do not show themselves in a labor- 
atory experiment, and when it would be 
proved whether the process can be con- 
ducted on the drainage water of, say, 
20,000 people, with the efficiency to which 
our laboratory experiments pointed, and 
without creating a nuisance.” 

The contrast between this hesitation 
of 1870 and the confidence of 1871 is 
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sufficiently striking. In 1870 there are 
difficulties to be considered which do 
not show themselves in a4 laboratory ; 
but in 1871 “the laboratory experiments 
may be considered conclusive.” In 1870 
some doubt is expressed as to the possi- 
ble efficiency of the process ; but in 1871 
it would require only 3 acres to perma- 
nently purify the sewage of a popula- 
tion of 10,000 inhabitants. An experi- 
ment upon a working scale was obtained 
at last at Merthyr Tydvil, under the 
auspices of Mr. Bailey Denton, M. Inst. 
CE, and the Commissioners, in their 
fourth Report, 1872, were able to point 
to this practical proof of the accuracy of 
their theoretical conclusions. They say 


concerning them had sunk into the minds 
of the Commissioners. In the Session of 
1872 Dr. Franklin gave evidence before 
the House of Commons in support of the 
Birminingham Sewage Bill, and in speak- 
ing of Downward Filtration, had his at- 
tention called (Q. 3769) to the passage 
already referred to, in which the Com- 
missioners declared their confidence in its 
permanent efficacy, but at the same time 
their apprehension that the apparatus on 
a large scale might give rise to a nui- 
sance, and he then replied, “ Yes, at the 
time that Report was written we had 
not seen the Merthyr works. They had 
|only been established a few months.” 
So also Mr. W. Hope, V.C., in answer to 





(p. 55) referring to the works at Merthyr, | the late Mr. Horace Lloyd, in the course 
“they were designed by Mr. Denton of his evidence upon the same Bill, gave 
expressly for the purpose of realising on | this explanation of his not having visited 
a large scale the results of that process | the Merthyr works: “@. 2101.1 asked 
of intermittent filtration which had been|if there were anything to be learned 
devised and investigated in the laborato-| there, you would go there?—A. If I 
ry of this Commission.” And again (p. thought I could learn anything more 
56), referring to the dilution of the ef-|than I am taught by Dr. Frankland’s ex- 
fluent by subsoil water, ‘“ Nevertheless,| periments, I should go there.” And 


and even assuming a very high degree| again, “@. 2103. But you have never 
of purity for the subsoil water, the net) gone to see it?—A. Because it tallies 
result of the action of the soil of the in-|exactly with Dr. Frankland’s experi- 


termittent filters upon the sewage was|ments. Ifthe result had not been as good 


highly satisfactory, especially when it is 
considered that the sewage of a town of 
50,000 inhabitants was thus purified on 
about 20 acres of land.” And again 
(p. 102),*“* That intermittent filtration, 
conducted either on the extensive or in- 
tensive scale, is perfectly trustworthy 
for the abatement of the nuisance thus 
created, there is now ample testimony to 
prove.” It thus stands upon record that 
at Merthyr the sewage of a population 
of 50,000 has been satisfactorily purified 
upon 20 acres of land, or in the propor- 
tion of 2,500 persons to an acre, and that 
the apprehension formerly expressed as 
to possible nuisance has been proved to 
be without foundation. 

Never was there a more complete de- 
lusion. Never were exaggerated con- 
clusions, based upon laboratory experi- 
ments, more completely confuted than 


as Dr. Frankland predicted, I should 
have gone.” And the same confi- 
dence in the Merthyr fallacy, which 
distinguished the evidence of Dr. Frank- 
land and Mr. Hope, was equally charac- 
teristic of that which was given by the 
majority of the many eminent experts 
| who supported that Bill,@so that when 
joe Bill left Committee the fact stood, 
| founded upon a concurrence of the high- 
| est testimony in the kingdom, that the 
experience of the Merthyr filter beds 
was identical with the conclusions of the 
Rivers Pollution Commissioners, and that, 
| the reliability of such experiments having 
| been established, they might safely be 
accepted as a model for future practice. 
But the most remarkable incident in the 
| whole history of the Merthyr filter beds 
iis, that Mr. Bailey Denton, at whose in- 
| stance they were laid down, appears to 








by that very experience at Merthyr, | have participated to some extent in the 
which was quoted and relied upon as_ general misapprehension, and by his pub- 
confirming their truth. Before proceed-|lic utterances to have assisted in its 
ing to prove the facts incident to the| dissemination, although it must be at 


first practical exposition of Downward 
Filtration at Merthyr, it is curious to ob- 
serve how deeply the misapprehension 


once admitted that they exhibit a large 
amount of contradictory statement. For 
example, in a Paper by him in the Jour- 
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nal of the Society of Arts, December 8th, tent filtration, may be calculated at 1 
1871, it is stated (p. 65), “Short as the|acre for every 1,000 persons if it be 
interval has been since intermittent drained 2 yards deep, so as to secure 2 
downward filtration was first suggested cubic yards of filtering material for every 
by the Rivers Pollution Commissioners, square yard of surface. The Rivers 
that process has, like irrigation, under-| Pollution Commissioners deduced from 
one a change The change to which their laboratory experiments that 1 acre 
pati referred has arisen on the proof|of suitable land drained 2 yards deep 
which I have had the satisfaction my- might suffice for 3,300 people, and in 
self of affording, that vegetation may increasing the quantity of land to 1 acre 
be grown upon the surface of filtering for 1,000 persons, as I propose to do, the 
areas, even when receiving sewage equal | object is to avoid any doubt as to per- 
to the discharged refuse of 3,000 persons | manency of effect.” 
to each acre, thus adding, in the most! When Mr. Bailey Denton gave evi- 
apposite manner, to the cleansing powers | dence in support of this scheme before 
of the soil the skavangering properties | Major Tulloch, R.E., Assoc. Inst. C.E., 
of vegetation.” And again (p. 66), the Local Government Inspector, who 
“Having dwelt upon the practice of held the usual district inquiry prelimin- 
irrigation, I ought now to explain the ary to the grant of a provisional order, 
process of intermittent filtration as it he at once admitted that his supervision 
may be carried into practice, but as I| of the Merthyr works had been limited 
shall presently deal with it when con-|to five or six occasional visits, and ex- 
sidering ‘Land as a purifier of sewage,’ | pressed himself unable to speak definite- 
I will only state that by adopting the/|ly as to the extent to which the practice 
process as technically described, the of Downward Filtration had been carried 
liquid refuse of from 1,000 to 3,000 per- | there. Under these circumstances, and 
sons—and probably more—may be / for the purpose of arriving at an accurate 
cleansed by the soil of a single acre of | knowledge of the Merthyr facts, it was 
land.” On what authority does Mr. considered advisable to procure the at- 


Denton state that a proportion of 3,000) tendance of Mr. Harpur, Assoc. Inst, 


persons to an acre may be adopted? Isit|C.E., the Resident Surveyor, under 
on the faith of the Rivers Pollution labor- | whose immediate superintendence Down- 
atory experiments, or of the experience | ward Filtration had been adopted, and 
of Merthyr? Surely not the latter, for had continued in operation from the time 
(p. 68) he puts the population contrib- of its introduction in January 1871 until 
uting sewage to the filter beds at Mer-|the time of the inquiry in April 1874. 
thyr at 30,000, which, it will be present-| His evidence is not a little remarkable, 
ly shown, is an excessive estimate, and | considering that it was actually given as 
the acreage at 20 acres, which would an advocate of Intermittent Downward 
only justify a proportion of 1,500 to an) Filtration, objecting to a proposal which 
acre, or less by one-half than the pro-| would have this effect, to use his own 
portion previously suggested. words, “that the valuable process of 

The only way in which this apparent | Downward Intermittent Filtration would 
inconsistency can be explained, is by | be put off very seriously throughout the 


supposing that when speaking of the 
ae of 3,000 persons to an acre, 
ir. Denton alludes merely to the tem- 
porary effect of such a proportion; but 
that when he has in view the permanent 
purification of the sewage, the proportion 
must be reduced to 1,000 persons to an 
acre. Ina Report made by him in 1873, 
suggesting Intermittent Downward Fil- 
tration as the best means of disposing of 
the sewage of Kew, Mortlake, and Barnes 
he says (p. 54), “The quantity of land, 
actually required for the purification of 
sewage of average foulness by intermit- 


country.” 

The following evidence extracted from 
the short-hand notes of the proceedings, 
shows the actual facts as to Merthyr, and 
‘the true conclusions to be drawn from 
them, as defining the capacity of Down- 
ward Filtration to deal with sewage :— 
_ On p. 57 of the Notes Mr. Harpur is 
asked : “ Q. Then we may take it that it 
| was only for five months that the sewage 
| of 25,000 people was put upon 20 acres 
at Merthyr Tydvil ?—A. That is the fact; 
‘the whole of the sewage. @. And that 
|is the whole of your experience in refer- 
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ence to the power of 20 acres to receive | 
and deal with satisfactorily the whole of | 
the ‘sewage of the 25,000 people ?—A. 
Just so. @Q. Then in taking 50,000 the 
Rivers Pollution Commission was in 
error ?—A. There was not the sewage of 
50,000; nothing like it. @. Then the de-, 
ductions drawn by the Commissioners in | 
their Report, based upon the sewage of 
50,000, must therefore be erroneous ?— | 
A, Yes; they must be erroneous.” 
Again, p. 69: “ Q@. What do you con- | 
sider is the population the sewage from) 
which might be safely drained or turned 
upon the 20 acres at Merthyr Tydvil? 
—A. I have given that a great deal of 
consideration, and my opinion is that those 
20 acres would take the sewage and 
the sewage of 12,000 in perpetuity. I 
do not think they would cleanse the 
sewage of more than 12,000. @. That) 
is the result of two years’ experience and 
careful watching ?—A. Yes, it is.” So 
that so far these significant facts are dis- 
tinctly proved by the Resident Surveyor 
at Merthyr: (1) That for a short period 
of five months only the filter beds were 
exposed to their greatest strain, sewage 
being applied in the proportion of 1,250 | 
persons to an acre. (2) That the opinion 
based upon two years’ experience is, that 
if permanent purification is sought, the 
proportion must not exceed 600 persons 
to the acre. Before directing attention 
to the nfarked contrast between this ev- 
idence and the statements of the Com- 
missioners, it will be well to establish its 
conclusiveness by carrying it a stage 
further. After stating that he would 
only recommend Downward Filtration 
where sufficient land cannot be obtained 
for irrigation, Mr. Harpur is asked (p. 
60): “ @. Under such circumstances as 
those at Merthyr Tydvil, where the land 
is exceptionally favourable, you would 
not put more than the 12,000 to the 20 
acres ?—A. No;I do not think it would 
be safe generally to place more sewage 
than that of 500 on anacre. @. Not more 
than 500 persons to an acre is the result 
of P sr experience ?—A, Yes; it is so.” 
ow far, then, are the experiments of 
the Rivers Pollution Commissioners sub- 
stantiated, or their statements justified, 
by the experience of Merthyr? If Mr. 
Harpur is accurate in his facts and opin- 
ions, their statements are erroneous 
and their experiments fallacious. In- 





| 


stead of the capacity of the land to re- 
ceive sewage being continuously tested 
by the application of the sewage of 2,500 
to the acre, the greatest temporary strain 
to which it was ever exposed was in the 
proportion of 1,250 persons to the acre. 
Instead of their opinions that the sewage 
of from 2,000 to 3,300 persons might be 


cleansed on a single acre of land, Mr. 


Harpur states that 600 persons to the 


/acre, in his opinion, represents the ca- 


pacity of the filters. The issue between 
these opinions is important, and inas- 


much as Downward Filtration is by way 
of marking a new era in the much-vexed 


question of the disposal of sewage upon 
land, it is essential that its capacity should 
be accurately defined by the experience 
obtained from its practical operation. 
The truth can only be ascertained and 
error refuted by a survey of the evidence 
which has been supplied by such experi- 
ence. In order to place the Merthyr 
facts beyond the range of discussion, it 
is necessary to examine the evidence re- 
lating to them in somewhat tedious de- 
tail. Mr. Arnold Taylor, one of the In- 
spectors of the Local Government Board, 
having visited the works at Merthyr, 
presented a Report, dated November 
8th, 1872, which may be taken as con- 
clusive up to the time when that Report 
was made. The following are the most 
important extracts : “The population of 
the district draining into the river Taff 
is estimated at 40,000, of whom about 
20,000 are living in houses directly con- 
nected with the existing sewers; the other 
20,000, having cesspool or surface drain- 
age only, or perhaps no drainage at all, 
contribute but little to the existing vol- 
ume of sewage. This should be borne in 
mind, because I see it constantly stated 
in the newspapers and elsewhere, that 
the sewage of the population of Merthyr 
—i.e. 40,000 people—is being successful- 
ly purified upon 20 acres of land at 
Troed-y-rhiew. The fact is, that for some 
four or five months at most, viz. from 
January to May 1871, the sewage of 
20,000 was run on to the 20 acres of fil- 
tration area. But after that time, and to 
the present moment, one-half only of this 
sewage of 20,000 people has gone to the 
20 acres, the other half having, since 
June 1871, been continuously applied to 
the 54 acres of adjoining land under or- 
dinary irrigation. 
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“T do not wish to be misunderstood. | 
The filtration process at Merthyr must 
be regarded by every one who visits the | 
place as a very great success, and Mr. 
Denton is justly entitled to the credit of 
having first — on a large scale a 
system which Dr, Frankland had pre- 
viously worked out in a series of careful 
laboratory experiments. 

“ But just because it is so successful, 
does it seem to me of importance that 
the exact truth should be stated with 
respect to earth filtration as a means of 
sewage purification. 

“The exact history of the Merthyr 
case will be thus: That for some five 
months, say from January to June 1871, 
20 acres of land, most exceptionally 
situated and very carefully prepared, 
were found sufficient to purify a volume 
of sewage from 20,000 persons, equal to 
a daily discharge of say 900,000 gallons, 
or at the rate of 45,000 gallons per acre 
per day. That for the next eighteen 
months, the same 20 acres are found 
capable of purifying half this quantity, 
the rest being distributed and purified 
over the 54 acres of irrigated area. 

“When I saw the land at Troed-y- 


rhiew last August my impression was 
this : That the 20 acres of filtration area 
did show signs here and there of satura- 
tion, and that though the appearance of | 


the surface and of the crops grown upon 
it was wonderful, regard being had to 
the quantity of sewage which had been 
poured upon so small an area, yet that 
the appearance of the crops and the sur- | 
face of the 54 acres of the adjoining irri- | 
gated farm was in all respects the better 
of the two. 

“It is stated by Mr. Harpur that he. 
has dug trial holes at various parts of 
the filtration area, and that in none of | 
them has he found any sign of earth) 
saturation or of offensiveness. Hence it 
may be argued that by a continuance of 
the present intermittent system of filtra- | 
tion, one 5-acre area being in use at a 
time, whilst the other three are at rest, 
the land is capable of being used for an 
indefinite period of time. 

“This may be so, but what I urge is, 
that the 20 acres of earth filters at 
Merthyr purified the sewage of 20,000 
people for at most five or six months; 
that since then they have purified the 
sewage of 10,000 people, and that by the 


end of this year or the early part of next 
they may have ceased altogether to act 
as continuous earth filters. ° 
“The Merthyr system may therefore 
be certainly quoted as an example of 
successful sewage purification, but the 
following exceptional favorable condi- 
tions and circumstances ought at the 
same time to be taken into account : 

. “First, then, at Troed-y-rhiew, where 
the filtration areas are situated, there is 
no population which is likely to be at all 
sensitive on the subject of nuisance from 


‘any offensive smells or emanations. 


“Second. The surface soil is light, and 
of a kind the best suited for active filtra- 
tion. 

“Third. The subsoil, a deep bed of 
open, porous, water-charged gravel, not 
only acts most favorably as an open 
filter, but also gives to the sewage 
liquid, after it has passed through 6 feet 
of earth, some three or four times its 
own bulk of pure water. 

“These are favoring circumstances 
which cannot easily be found in combi- 
nation. They are found at Troed-y- 
rhiew, and hence, in my opinion, the 
main cause of the success of the system 
of intermittent earth filtration as applied 
to the purification of the Merthyr sew- 
age. But I believe that this success will 
be even more marked when the larger 


‘area for irrigation purposes is completed, 
‘for then, if earth filtration be practiced 
| at all, it will only be resorted to on an 
emergency or in wet or winter weather.” 


How do the statements of the Rivers 
Pollution Commissioners stand verified by 
this evidence? What becomes of the 
theoretical proportion of 3,300 persons to 
an acre? or of the illustration afforded 
by the experience of Merthyr, where, to 
quote their words, “the sewage of a 
town of 50,000 inhabitants was then 
pumped on about 20 acres of land,” or 
in the proportion of 2,500 persons to an 
acre? Compare this statement with the 
facts, that, under circumstances so favora- 


‘ble as to be rarely expected in combina- 


tion, a proportion of 1,000 persons to an 
acre, according to Mr. Arnold Taylor, 
was maintained for about five months, 
but was subsequently reduced to 500 
persons to an acre, and so the filters 
were subjected to a strain somewhat less 
severe than the ordinary irrigation farm 
at Bury, where the permanent proportion 
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observed is 577 persons to an acre, and a 
far less strain than is imposed upon the 
Eton sewage farm. This proves that ir- 
rigation can, upon the principle contend- 
ed for by the Rivers Pollution Commis- 
sioners, namely, cubical capacity of 
aerated soil, or soil cleared of subsoil 
water, outdo Intermittent Downward 
Filtration in its purifying power; in 
other words, irrigation is, in some cases, 
naturally more intensive in its operation 
than a system of Downward Filtration, 
for the simple reason that, in some irri- 
gation farms, the subsoil water lies 
naturally at a lower depth than in a fil- 
ter bed, where it has been artificially 
lowered to a depth of 6 feet. With a 
view of ascertaining the degree of purity 
of the effluent at Merthyr, various chemi- 
cal tests were applied. If it be true 
that deterioration was actually taking 
place when the proportion of only 500 or 
600 persons to the acre was observed, it 
would seem to be somewhat doubtful 
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whether 1 acre of filter bed drained 6 
feet deep could effeetually purify even 
that limited population with permanency 
of effect; or, to put the case somewhat 
differently, it would be questionable 
whether a 6-feet depth of drainage gives 
a sufficient cubical capacity of oxygen- 
charged soil to effect permanent purifica- 
tion in the proportion of 500 persons to 
an acre. This would seem to be the fact, 
for the results of the experiments at 
Merthyr in 1871 and 1872, by the Rivers 
Pollution Commission and the Committee 
of the British Association, on the utiliza- 
tion of sewage, clearly indicate that such 
a gradual deterioration was taking place 
in the quality of the effluent. The fol- 
lowing table, based on the experiments 
\of the Rivers Pollution Commission, ex- 
| hibits the decrease in the percentage of 
‘impurity removed from the sewage by 
‘the action of the filters in the interval 
| between the months of June and Octo- 
| ber 1871: 











In June, 


1871. In October, 1871. 





| Quantity | Quantity | 
contained | contained | 


in 
| Effluent 


1 


Quantity | Quantity 


ercent- : | r 
P = t contained contained 
ag - . 


removed. _ a 


Percent- 
age 
removed. 





54.000 
. 788 
. 783 


Total solid mattor 
Organic carbon 
Organic #itrogen 
Ammonia 


0.07 
Total combined nitrogen. . .} 


34.600 
0.249 
0.056 

5 


0.349 


Sewage. 
33.480 


0.323 
0.107 
0.058 
0.455 


49.200 
1.282 
0.952 
1.280 
2.058 
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A comparison of the two series of experi- 
ments made by the Committee of the 
British Association gives a_ similar 
result : 

In January, 1872, the quantity of 

organic nitrogen removed was 96.43 per cent. 
In July, 1872, the quantity of 

organic nitrogen removed was 86.55 per cent. 
In the above comparisons the effect of 
the subsoil water in diluting the sewage 
is not taken into account. 

The Committee of the British Associa- 
tion, in their Report of 1872, p. 151, 
thus summarise the results of their ex- 
periments: “The effluent water this 
summér was not quite so pure as last 
winter, but still four-fifths of its nitrogen 
was in the form of nitrates and nitrites.” 

It will have been observed that the 
most recent evidence referred to, as to 


the operation of the Merthyr filters, has 
been that of Mr. Harpur in the spring of 
1874. There had then been three years’ 
experience of their action, which might 
have been considered sufficient to form a 
judgment as to their effect. And yet, in 
a Paper, submitted to the Conference at 
the Society of Arts in 1876, Mr. Denton 
gives color and credence to what might 
have been justly looked upon as the 
somewhat faded pretensions of Down- 
ward Filtration. First of all, he makes 
the following statement (p. 23) :—* We 
have now had sufficient trial of actual 
works to assure us, first, that the sug- 
gestion which Dr. Frankland based 
upon his laboratory experiments, to the 
effect that an acre of suitable soil drained 
6 feet deep, and used intermittently, 
would cleanse the sewage of 3,300 peo- 
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ple, can be realised.” What is the “ trial 
of actual works” alluded to as proving 
the practicability of cleansing sewage 
with such a proportion of population to 
soil? The specific experience is referred 
to in the following statement, but it 
must be observed that the difference be- 
tween temporary and permanent effect 
is not always clearly expressed. It is 
this (p. 24): “Although experience at 
Merthyr, Kendal, Walton Convalescent 
Hospital, and other places, has most con- 
clusively shown that 1 acre of suitable 
land will efficiently and for a constancy 
cleanse the liquid refuse of 1,000 people, 
a fact, the importance of which cannot 
be over-estimated in those cases where 
land is very difficult to get and very ex- 
pensive when obtained, I may be pardon- 
ed for stating that I do not wish to be 
considered the advocate of dealing with 
the sewage in such a concentrated form 
under all circumstances.” To these alle- 
gations the Author makes the following 
distinct and unqualified reply : 

1. That experience at Merthyr has 
never proved that the sewage of 3,300 
persons could even be cleansed tempor- 
arily upon an acre of land, the greatest 
proportion which ever obtained there 
being from 1,000 to 1,250 persons to an 
acre (vide the evidence of Mr. Harpur 
and Mr. Arnold Taylor). 

2. That experience at Merthyr has 
never conclusively shown that 1 acre of 
suitable land will efficiently and for a 
constancy cleanse the liquid refuse of 
1,000 people; but it has conclusively 
shown that if permanency of effect be 
required, the proportion, where the filter 
beds have a 6-feet depth of drainage, 
must not exceed 500 persons to the acre. 

3. That the case of Walton Convales- 
cent Hospital has never conclusively 
shown that 1 acre of suitable land will 
efficiently and for a constancy cleanse 
the liquid refuse of 1,000 people, for the 
simple reason that the proportion there 
has never exceeded 400 persons to an 
acre, as is proved by the following ex- 
tract from the short-hand notes of the 
inquiry already referred to, when, in 
answer to questions, Mr. Denton stated 
as follows :—“ Q. Have you ever carried 
the laboratory experiments of Dr. Frank- 
land into anything like practical effect? 
—A. The Merthyr Tydvil works are 
nearly three years old, and the works at 





the Convalescent Hospital at Walton 
have been in operation four years; once 
in twenty-four hours the sewage is inter- 
mittently applied there. Q. What is the 
population per acre there ?—A. It varies 
from 100 to 400. I am not instancing 
this as a proof that Dr. Frankland’s 
statement is correct.” The only further 
comment to be made upon this evidence 
of 1874 is this, if the Walton Convales- 
cent Hospital was not cited as substan- 
tiating Dr. Frankland’s statements, why 
is it quoted in support of them in the 
Paper of 1876? 

4. That Downward Filtration as 
practised at Kendal has never conclu- 
sively shown that 1 acre of suitable land 
will efficiently and for a constancy 
cleanse the liquid refuse of 1,000 people. 
The facts are given by Mr. Denton, in 
the Journal of the Society of Arts 
already referred to, thus (p. 25) :—“ At 
Kendal, where there is a population of 
13,500, the intermittent downward filtra- 
tion work has hitherto been confined to 
about 5 acres of land, contrary to the 
advice which I gave the Corporation 
when first consulted, to the effect that 15 
acres should be prepared. The experience 
gained on these 5 acres surpasses all ex- 
pectation. It confirms, nevertheless, the 
opinion already stated, that the proper 
proportion of sewage to land should be 
that of 1,000 persons to an acre. In this 
view it appears that the Corporation 
now concur, for the sewage is not always 
confined to the 5 acres, but is occasion- 
ally applied also to the remaining 10 
acres which I had proposed should be 
prepared for filtration.” 

Does this mean that the sewage of 
13,500 persons has been applied to 5 
acres of filter beds, or at the rate of 
2,700 persons to an acre? or has no dis- 
tinction been drawn between population 
and population directly contributing 
sewage? To this vague generalization 
of statement the origin of the Merthyr 
misapprehension may be traced. Refer- 
ring to the return furnished from Ken- 
dal to the Society of Arts, it appears 
that, for this population of 13,500 per- 
sons, there are only 500 closets in use, so 
that it is erroneous to speak of the sew- 
age of a population of 13,500 persons 
draining upon the 5 or 54 acres of filtra- 
tion area. What the sewage-contribut- 
ing population proper is, it is difficult to 
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estimate, but taking the above limited touchstone of inquiry, Walton fails on 
number of closets, coupled with the fact; Mr. Denton’s own evidence, Kendal it is 
that middens are principally in use, the submitted fails on account of the facts 
sewage probably is not derived from stated, and by obvious parity of reason- 
more than one-third of the population. ing from the circumstances at Merthyr. 
Adopting this view, the sewage of a Surely it is time that the Merthyr 
population of 4,500 would have been fallacy was stamped out, and yet the ad- 
dealt with upon a surface area of filter vocates of Downward Filtration seem 
bed of 54 acres (for 54 acres, and not 5 unwilling that it should die. The fol- 
acres, as appears from a letter from the lowing extracts from a recent corre- 
Borough Surveyor of Kendal to the spondence will, however, it is hoped, 
Author, dated November 13th, 1376, are supply it with a suitable apotheosis. 
the accurate dimensions), which yields a Mr. Denton commences his Paper by in- 
proportion of rather more than 800 troducing (p. 25) a letter from himself, 
persons to the acre. This is, of course, dated May 11th, 1875, addressed to Mr. 
to some extent speculative, in the ab- Jones, the Chairman of the Merthyr 
sence of positive information. But be-| Local Board, which, will “satisfy the 
fore proceeding to conclusions there are | most sceptical that the value of intermit- 
several important elements for consider- tent downward filtration is as great in 
ation. First of all, the sewage is render- | combination with surface irrigation on a 
ed extremely dilute by the enormous in-| wide area as when adopted by itself on 
filtration of subsoil water into the sewers; a small one.” In this letter, after ex- 
secondly, the depth at which the subsoil pressing apprehension lest the extension 
water in the filter beds stands below the of the irrigation area should be inter- 
surface-level is not stated, so that it is preted as meaning the abandonment of 
impossible to argue upon the capacity of | Downward Filtration, he thus concludes : 
Downward Filtration as practiced at)“ Will you kindly say if your Board has 
Kendal, inasmuch as the whole principle | changed its mind as to the retention of 
is based upon the cubical capacity which the filtration areas as part of its perma- 
a 2-yards depth of drainage would afford; | nent works, and if so, what has led to 
thirdly, according to Mr. Denton, and such change?” And again, “I am glad 
also from information supplied by the| to find that Mr. Dyke (the Medical Offi- 
Borough Surveyor, the whole 15 aeren | cer of the district) has the same confi- 
will soon be required for the purposes of | dence in the permanency of their action 
filtratiofi, the present limited surface|as I have. In his letter to me of the 6th 
showing a tendency to become clogged. | of May last, he says: “ There is still no 
Then, if the Author is right in the | evidence of any clogging or over-satura- 
assumption that one-third of the sewage | tion of the beds.” In his reply (also set 
proper passes to the filters there, the | out in the same Paper) Mr. Jones states 
istory of the operation of Downward |that the Board contemplates no aban- 
Filtration at Kendal is this: That for a| donment of the filtration areas, but looks 
time the dilute sewage of the town has|upon them as a “safety valve.” Then 
been applied to the filter beds in the pro-| the Paper concludes, so far as Merthyr 
portion of about 800 persons to an acre;| is concerned, with the following observa- 
that such filters have shown symptoms |tions (p. 25): “If anything more than 
of clogging; and it is, therefore, intend-|this is needed to prove the thorough 
ed to reduce the proportion from 800} success of the intermittent downward 
persons to an acre to 300 persons to an/| filtration work at Merthyr, I cannot do 
acre. If this statement of the Kendal better than point to the following pas- 
experience be an accurate one (and the/| sages of a letter from Mr, Dyke, the 
Author need hardly say that, as he pro-| medical officer of the district, who wrote 
ceeds upon assumption in this case, and| me as lately as July last in the following 
is not dealing with facts proven, he is|terms.” The gist of Mr. Dyke’s letter 
open to correction), there is nothing in| was to the effect that filtration was per- 
any of the cases cited to establish either | fect, the effluent pure, and the vegetables 
the soundness of Dr. Frankland’s con-| grown on the filters had been eaten with- 
clusions or the accuracy of Mr. Denton’s out producing diarrhea; and then the 
statements. Merthyr clearly fails at the | important statement follows “that there 
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has never been any sign of clogging or 
over-saturation.” Can anything more 
be needed to prove the thorough success 
of the Intermittent Downward Filtration 
work at Merthyr? Only this letter from 
Mr. Harpur, which states how this suc- 
cess has been achieved. It is addressed 
to the Author, is dated 8th November, 
1876, and runs thus : 

“The total area of land acquired by 
the Board for sewage purposes, including 
roads, rivers, unsuitable and at present 
unformed land, is 334 acres. 

“The sewage is now being applied to 
210 acres, including the 20 acres of fil- 
tration areas. Of the land acquired 
about 90 acres have yet to be formed 
for the reception of sewage. 

“For the last four years no more sew- 
age has been applied to each acre of the 
filtration areas than to an acre of the ir- 
rigated ground. 

“The population draining to the sew- 
age farms is 48,000. Each acre of both 
the irrigation land and the filtration 
areas receives the sewage of 229 persons. 

“The filtration areas do not show any 
sign of deterioration. 

“Tt is intended to use them perma- 
nently for irrigation.” 

Can anything more be needed “to 
prove the thorough success of the Inter- 
mittent Downward Filtration work at 
Merthyr ” than the facts : 

(1) That for the last four years the 
filter beds have never received the sew- 
age of more than 229 persons to the acre, 
and yet up to the present time “ there is 
no evidence of any clogging or over- 
saturation of the beds.” 

(2) That the filter beds are to be pre- 
served—for what ? to perform en perma- 
nence the functions of ordinary irriga- 
tion. 

Conclusions.—1. Intermittent Down- 
ward Filtration is merely an artificial 
production of intensified irrigation, and 
is a useful process to adopt, where land 
for irrigation cannot reasonably be ac- 
quired, or where the necessary depth of 
soil free from subsoil water cannot be 
obtained without recourse to artificial 
drainage. 

2. That there is no evidence to show 
that a larger proportion than the sewage 
of 500 persons can be permanently puri- 
fied upon an acre drained 6 feet deep, 
though there is positive evidence to 


show that it must not be exceeded, and 
that this proportion therefore represents 
the capacity of downward filtration over 
and through such area and depth of 
soil. 

3. That Dr. Frankland’s experiments 
are strained in the conclusions drawn 
| from them by the Rivers Pollution Com- 
| missioners, and that such conclusions, in- 
| stead of having been confirmed, have 
‘been refuted by subsequent practice. 
| 4, That the statements with regard to 
| Merthyr are without foundation or justi- 
‘fication; the true facts being that for 
‘five months the sewage was applied in 
the proportion of 1,000, or at most 1,250, 
| persons to an acre, then of 500 persons 
|to an acre, and afterwards permanently 
of 229 persons to an acre. That though 





|the formation necessary for downward 
filtration has been preserved, to all in- 
/tents and purposes the filters are per- 
|forming the permanent functions of an 
| ordinary sewage irrigation farm. 


| Il. 
| The first and most prominent objection 
|to the introduction of this system into 
|any town is, that instead of being sub- 
|stitutive for a water-carriage system, it 
is merely supplementary to it; for there 
must still be a water-carriage system in 
every town where the dry earth system 
jis adopted, independent of it, which in 
its capacity shall be equivalent to such 
a water-carriage system as would be laid 
down even if the dry earth system was 
not practised. Therefore the cost of the 
dry earth system must be superadded to 
the cost of the water-carriage system, 
and thus the expense to be incurred by 
the town in respect of its drainage must 
be increased without any additional 
benefit being conferred, but, on the con- 
trary, enormous additional expenditure, 
disadvantage, and difficulty. 

To make good these propositions, as- 
sume that it is proposed to introduce the 
dry earth system into the metropolis, 
which may be taken to contain a popula- 
tion of 4,200,000 souls, and a superficial 
area of 150 square miles, composed to a 
large extent of roof and paved surface. 
The rain falling upon this hard surface 
cannot be absorbed, and must flow some- 
where. Can the dry earth system take 
it? No, for it only proposes to intercept 
the solid refuse of the town ; therefore 
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a system of sewers at once becomes a 
necessity. Then, again, what is to become 
of the dry-weather flow of sewage or the 
sewage proper, the dimensions of which 
are measured by the water supply of a 
town? The water supply of London is 
30 gallons a head per day, which gives a 
daily volume of sewage to be disposed 
of amounting to 126,000,000 gallons in 
twenty-fonr hours. Can the dry earth 
system deal with this great bulk of 
liquid? It does not profess to. There- 
fore there must be a system of sewers to 
receive it, and a system, moreover, of 
equivalent magnitude to that which 
would be adopted if the dry earth system 
were not in the town ; for the dry earth 
system does not reduce to any apprecia- 
ble extent the volume of sewage produc- 
ed, inasmuch as its proper province is to 
intercept the solid matters, with a small 
portion of the liquid, which would other- 
wise be carried away in the water supply. 
Nor does the dry earth system diminish 
to any great extent the foulness of the 
sewage, inasmuch as, according to the 
Rivers Pollution Commissioners, the 
foulness of the solid refuse is only one- 
seventh of the foulness of the liquid, 
and the extraction therefore of so sub- 
ordinate a polluting element from the 
sewage could not much affect the degree 
of its general pollution. Of course some 
portion of the liquid refuse is disposed 
of by the dry earth system, and in 
the sense, therefore, that the volume of 
foul liquid in the sewers is diminished in 
quantity and more diluted in quality it 
may be said that its foulness is reduced. 

gain, if the dry earth system is to be 
a substitutive system, supplanting all 
other systems, what is to become of the 
garbage and washings of the streets, 
manure consequent on traffic, liquid 
refuse from breweries, slaughter-houses, 
cattle markets, urinals, factories where 
offensive trades are carried on, and to 
resolve the dry weather flow into some 
of its constituent parts, the household 
slops from kitchens and bedchambers ? 
Either streets must fail to accumulate 
refuse, such trades and institutions cease 
to exist, slops and ablutions be banished, 
or some provision must be made for 
them. This provision cau only be by 
means of a water-carriage system of 
sewers. Hence the first proposition be- 
comes manifest, that given the dry earth 





system, the water-carriage system is still 
anecessity. If this be so, it follows as a 
natural consequence that the cost of the 
dry earth system must be superadded to 
the cost of the water-carriage system, 
and that as the dry earth system dis- 
poses of nothing which is not disposed 
of by the water-carriage system, it im- 
poses, therefore, an additional expense 
without conferring any corresponding 
advantage. 

To illustrate the statement that its 
operation would be attended with great 
cost and enormous difficulty the follow- 
ing figures, which proceed upon the as- 
sumption of its introduction into the 
metropolis, may prove instructive. 

Moule’s Earth Closet System as ap- 
plied to London.—4} l|bs. of earth per 
head are equal to 14.66 cwt. per annum, 
or (on a population of 4,200,000) 3,078,- 
600 tons, cubic yards, or cart loads; or 
10,000 cart loads per day for six days in 
the week. The same quantity would 
have to be carried out, with the addition 
of 470 loads of fecal matter. There are 
450,000 houses in London; therefore 
each cart would deliver earth and remove 
soil from 45 houses per day. Suppose 
two pails to each house equal to 900,000 
pails, then the figures will stand thus: 


(1) Prime cost of introduction of om, 


450,000 houses in London; water- 
closets removed, earth closets 
substituted, and metallic wagons 
provided, say, 700,000 closets, at 


£10 each 
§ horses, £40 
10,000 carts and horses, i carts, £20 


£60 10,000 

3,078,600 cubic yards of earth taken 

off land 4 yard deep=1,272 acres, 

say two years’ supply = 2,544 
acres at £300 

Drying sheds (say 600 acres) at £1.200 


600,000 


763,200 
720,000 


9,083,200 
10 per cent. for London depots, 
offices, & 908,320 


9,991,520 
(2) Annual expenditure. 

3,078,600 cubic yards carted in 10,000 £ 
carts per annum at 12s.=£6,000 (1 
man 43,, 1 boy 2s., 1 horse 4s., wear 
and tear of cart 2s.)............. 

Labor in digging, loading and un- 
loading carts, railway to London 
and back at 2s. per yard 


1,878,000 


2,185,860 
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£ 
43,717,200 
9,991,520 


53,708,720 


Representing at 4 @.. 


‘atmosphere and generate malaria. 


posing and putrescible a character that 


if allowed to stagnate in trenches or 
open ditches it would soon poison the 


But 


| when it is proposed to introduce it into 


These figures have not been strained; | 
on the contrary, each item has been 
stated upon the most moderate estimate, | 
and in some cases evidently at too low a! 
‘figure. So that, after having construct- 
ed and paid for a water-carriage system, 
an additional preliminary expenditure of 
£9,991,520 would be needed to introduce | 
the dry earth system, and an annual ex- 
penditure of £2,185,860 to maintain it, | 
which, capitalized at four per cent. and 
added to the original outlay, represents | 
the enormous sum of £53,708,720, and | 
all this without effecting anything which | 
the water-carriage system is not compe- 
tent to perform. These figures also il- 
lustrate the cumbrous machinery which 
would be required to give practical 
existence to the system on a large scale. 
Where are thousands of acres to be ob- 
tained near London for the supply of 
mould? How is the constant manipula- 
tion of sewage refuse to be tolerated in 
an English town? And, lastly, how are 


the already overcrowded streets to ac- 
comodate the multitude of carts which 
would be let loose upon them, when the 
number of such carts would actually ex- 
ceed the existing number of hansoms and 
four-wheeled cabs, omnibuses, and tram- 
cars ? 


Enough has been said to demonstrate 
the impracticability of introducing the 
dry earth system into a populous town. 
That it has a province cannot be denied, 
but it is essentially a limited one. It is 
well adapted for the wants of small rural 
villages like those of Halton and Aston 
Clinton in Buckinghamshire, with a 
joint total of 55 cottages, where it has 
been adopted, and of detached houses so 
situated that an abundance of suitable 
earth can be obtained. So also it may 
be appropriately applied in the case of 
detached public buildings under some 
general control, such as hospitals, work- 
houses, almshouses, and asylums, always 
premising, as a condition precedent to 
its adoption, that the soil in the neigh- 
borhood should be of a porous character, 
so as to be capable of absorbing the 
liquid house refuse undisposed of by the 





dry earth system, which is of so decom- 


towns, the conditions are, as has been 
shown, entirely changed, and the sphere 
of its usefnines sbecomes narrowed 
in proportion as population increases. 
In fact it may be laid down as a univer- 


sal proposition, that the applicability of 


the dry earth system becomes diminished 
in the inverse ratio to the increase of 


population to which it is proposed to 


apply it. The general conclusions, 
therefore, which must be laid down with 
regard to this system are : 

1. That its adoption in the case of 
large towns would be costly, cumbrous, 
useless, and virtually impracticable. 

¥. That its use must be limited to 
rural places and detached buildings 
where a water-carriage system cannot 
easily be constructed. 


IV. 


THE LIERNUR OR PNEUMATIC 
SYSTEM. 

This system is one of those which still 
persists In asserting a pertinacious and 
pernicious vitality in spite of the experi- 
ence which ought long ago to have ex- 
tinguished it, and would have done so, 
had it not been for the energy of those 
interested in its survivorship. There ap- 
pear no less than seven notices of it in 
the Society of Arts Journal of May 1876, 
one by Captain Liernur, one by T. A. 
Van der Kloes, Director of Public Works, 
Dordrecht, and the other five by Mr. 
Adam Scott, Captain Liernur’s agent in 
this country. But as the term “ Liernur 
System” may not suggest to the minds 
of all persons the principle upon which 
it is based and the machinery by which 
it is applied, the following description 
extracted from a pamphlet by Mr. Adam 
Scott, and verified by the inventor’s 
specification, may assist a proper com- 
prehension of its defects. 

“In a building, in any convenient part 
of the town, is placed a steam engine, 
which drives an air pump, so as to main- 
tain about three-fourths vacuum in cer- 
tain cast-iron hermetically-closed reser- 
voirs sunk below the floor. 

“From these reservoirs central pipes 
radiate in all directions, following the 
main streets. On these central pipes are 
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laid, from distance to distance, street 
reservoirs sunk below the pavement. 

“From the street reservoirs, up and 
down the street, are main pipes, commu- 
nicating by short branch pipes with the 
closets of each house. 

“ All the junctions of pipes with reser- 
voirs are furnished with cocks so that 
they can be shut off or turned on at 
pleasure, like water mains, and are got 
at by cock boxes, and turned by keys in 
the ordinary way. 

“The vacuum created in the central 
building reservoirs can thus be commu- 
nicated to any given street reservoir, so 
as to furnish the motive power by which, 
when the connections with the houses 
are opened, all the closets are simultane- 
ously emptied. 

‘‘When their contents reach the cen- 
tral reservoir, they are in like manner 
forced through the central tubes to the 
reservoirs under the central building, 
and thence transfered by means of vacu- 
um power to the hermetically-closed 
tanks above the floor of the building. 
From these retorts the matter is decant- 
ed in a fluid form in barrels, for immedi- 
ate transport to the country, by means 
of hermetically-closed apparatus.” 

As regards the inception of this sys- 
tem, it is said that Captain Liernur got 
his idea from the rude pneumatic system 
in use at Milan, where a vacuum is obtain- 
ed bysfirst filling the tanks with water 
and then exhausting them. The water 
is carried about in oxcarts. The system 
was first introduced into Prague in 1863 
for some military barracks ; later into an 
insane asylum at Hanau. In answer to 
the statement of the Berlin Commission, 
that in these places it had proved offen- 
sive, and so unsatisfactory as not to be 
extended, Captain Liernur stated that 
the first attempts had been improved upon, 
and that in Holland he had overcome 
the difficulties which had proved so 
troublesome at Prague and Hanau. A 
Commission at the Hague recommended 
Liernur’s system for that city in 1867, 
but it has never been introduced there. 
It has had a similar fate lately in Rotter- 
dam. In St. Petersburg, at the begin- 
ing of last year, Captain Liernur was 
making an experimental introduction of 
his method, with the understanding that 
the city was not to bear any of the ex- 
pense, aud that no extension was to be 





made unless the system proved satisfac- 
tory. About the same time he was also 
preparing plans, which he hoped might 
be accepted, for Gaeta and Naples. His 
system has been partially introduced at 
Leyden, Amsterdam, and Dordrecht in 
Holland, but none of the cities or towns 
in England have been persuaded to 
follow the example of their Dutch neigh- 
bors. 

The objections to the system, which 
render its adoption impracticable, may 
be shortly stated. The most important 
is that which has already been mentioned 
with regard to the dry earth system, and 
which apart from all other considerations, 
is absolutely fatal, namely, (1) that the 
Liernur system only deals with the solid 
refuse and a limited quantity of liquid, 
and is therefore merely supplementary 
to a water-carriage system, thus entail- 
ing additional, cost and conferring no 
corresponding advantage. (2) The ma- 
chinery by which the pneumatic system 
is applied, consisting “cae i of 
wrought-iron pipes and chambers, is en- 
ormously expensive, and of limited ca- 
pacity as compared with brickwork sew- 
ers. (3) That it is complicated and lia- 
ble to get out. of order. (4) That the 
closet arrangements for the houses, as 
well as the operation of decanting sewers, 
are offensive, and such as could not be 
tolerated in an English town. 

From the evidence afforded by the 
experience of the system in Holland, it 
may be premised, in the first place, that 
in the towns where the system has been 
introduced in that country, there was 
absolutely no previous sanitary provi- 
sion, the whole sewage being either 
thrown by hand, or allowed to pass away 
into the tide-locked canals characteristic 
of the Netherlands towns, so that the 
introduction of any system was of neces- 
sity an improvement on the former un- 
satisfactory condition of things. 

1. Leyden.—Plans were accepted for 
Leyden in 1870. The population is 
40,000, and out of this population 1,200 
people in the poorest quarter have had the 
Liernur system applied. to their houses. 
The evidence as to the measure of success 
with which its operation has been at- 
tended has been a matter of animated 
discussion. In a letter, addressed on 
April Ist, 1873, by the Master of Public 

orks, J. W. Schaap, to the Magistrate 
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President of the Commission of Manu- | tension of the Liernur system to the 


facturing Industry, he speaks in the 
following favourable terms of the system 
(Seventh Annual Report of the State 
Board of Health of Massachusetts, p. 319): 
“ While it cannot be denied that the ex- 
penses of introducing the system and the 
necessary experiments were greatly in 
excess of what was anticipated, that the 
amount received for the fecal material 
was less than was anticipated, and that 
the interest on the money and the instal- 
ment paid must be taken into account, 


yet a favourable judgment, as to the re- 
And again, “ There- | 


sult, must remain.” 
fore the great question concerning this 
matter is to be looked upon as entirely 
settled, and the system deserves recom- 
mendation to extension everywhere as 
well as in this city.” So far the opinion 
was satisfactory, but it was soon to un- 
dergo a change. In one of his Papers 
to the Society of Arts, Mr. Scott states, 
that it was reported that a Government 
Commission from this country had visit- 
ed Holland to inquire into the Liernur 
system. After expressing doubts as to 


the existence of such a Commission, he. 


refers to their reported conclusions (p. 


60): “as these have thus, in an irregular 
way, become public, it is right I should, 
to prevent persons being misled, record 
the fact that most of the so-called con- 
clusions are misleading, and some of them, 
in dealing with matters of fact, are 
simply untrue, as I can show by official 


letters in my possession. For instance, 
one of the statements made is that the 
system is not to be further extended at 
Amsterdam and Leyden. I have spoken 
above as to Leyden.” On referring back 
Mr. Scott appears to have said : “I may 
add to this that the Commission for Public 
Works have reported in favor of extend- 
ing the system to the whole town of 
40,000 people. In that report they des- 
ignate it as ‘the system of the future for 
all large towns.’ The Financial Com- 
mission have reported in similar terms, 
as have also the Mayor and Aldermen.” 
Surely there is a strange discrepancy of 
statement somewhere. In his P 

the Conference at the Society of Arts on 
the 9th and 10th of May, 1876, Mr. 
Scott asserts that the Government Com- 
mission, if it existed, has been guilty of 
untruth, and that the Mayor of Leyden 


had actually reported in favor of the ex-| of human 
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aper to. 


'whole city. But how can this statement 


be reconciled with the following opinion 

expressed by the Mayor on the 21st of 
|January preceding? Replying to the 
United States Consul at Rotterdam, he 
says (his letter being published in the 
/Seventh Annual Report of the State 
|Board of Health of Massachusetts, p. 
| 318), “ Meanwhile there exists for the 
| present no intention to extend the sys- 
tem in other parts of the city, because 
‘of the considerable expense involved in 
so doing.” And again, in conclusion, 
“ Although, the experiment with the 
Liernur system, taken in this city from 
a technical point of view, may be said to 
have entirely succeeded, the financial re- 
sults, however, must become considera- 
bly more favorable before an extension 
of the system will be resolved upon.” 
If, then, the Mayor, to whom Mr. Scott 
refers, be taken as the best interpreter 
of his own sentiments, and of the inten- 
tions of his fellow-townsmen, the Gov- 
ernment Commission, if it existed, was 
right after all, and did not state what 
was “simply untrue”; but Mr. Scott 
must himself be in error with regard to 
the “matters of fact.” The system, 
then, is not to be extended at Leyden, 
on account of its cost. 

But perhaps the most suggestive and 
pertinent evidence which has been con- 
tributed, with reference to the operation 
of the system at Leyden, is that which is 
contained in a Report by a Committee of 
the Town Council of Southport, which 
was appointed, at the time when its 
adoption for Southport was under con- 
sideration, to visit Leyden and report 
upon it. The Report is dated December 
15th, 1874. As the statements and opin- 
ion expressed apply with equal force to 
its operation in other localities, and go 
far to prove the objections which have 
been raised against its use, it will be ex- 
pedient to refer to them. The following 
are the more important passages :—“ It 
should be stated that no slop, or waste 
water, passes into the Liernur closets. 
These liquids are disposed of in the 
quarter sewered on the Liernur system, 
in the same way as in other parts of the 
city. Neither does kitchen waste go 
into the closets, so that the system, as 
developed at Leyden, is one of collection 
excreta only, and no other 
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| 
duty is subserved by it.” ‘In order to | enormously costly to put down and main- 
complete the statement of what we ob- | tain. 
served at Leyden, it is necessary to say| ‘4, That the amount of revenue deri- 
that ‘sewers,’ as we understand the vable is very difficult to estimate. 
term, do not exist there. The canals; “5, That, from a financial point of 
which intersect the city in every direct-| view, it would, therefore, be a great ex- 
ion are the sewers, and house drains en-| periment; and, 
ter the nearest canal at the most availa-| “6. That if experience in England 
ble point, taking apparently the most should at any future time demonstrate in 
direct route without the slightest care or| a fuller and more complete manner than 
regard as to whether they go under) has been done at Leyden, that the pneu- 
houses or not. This primitive method | matic system is, as has been claimed for 
appears to have prevailed from time im-|it, ‘an engineering, a sanitary, and a 
memorial.” “A pneumatic system of | financial success,’ it. will be as open to 
collecting human excreta would, there-| Southport as to any other place to lay it 
fore, relieve the sewers of no appreciable | down and profit by the practical experi- 
amount of their contents under the pres-|enee of places having larger means to 
ent, or even a universal watercloset sys-| undertake costly experiments.” 
tem. The daily collection at Leyden| The above Report proves that the 
from the Liernur closet is only at the! Liernur system is merely supplementary, 


rate of about a quarter of a gallon per 
head, so that even if this were much 


more augmented than would be compati- | 


ble with any economical manufacture of 


both in its operation and its cost; that 
it disposes of nothing that the water- 
carriage system cannot dispose of with- 
out its assistance; and that there is no 


sanitary advantage to be gained by its 


‘poudrette’ the relief afforded to the) 
On the question of cost, it is 


sewers, however valuable as regards the | adoption. 


quality of their contents, could, as re-| to be observed that Captain Liernur put 
gards quantity passed in, be altogether L the cost of introducing the system at £4 


insignificant. It is clear, then, that the | per head of population at Southport, as 
pneumatic system will not, if adopted, | against £2 5s. at Leyden. Making al- 
relieve the borough of the cost of con- | lowance for the difference in the price of 
structing new sewers, which must be of labor between the two countries, it is 
sufficient capacity to carry away, not | probable that £4 per head in England is 


only the daily flow of between 30 and 40 
gallons per head of a rapidly increasing 
population, but the storm water, which 
constantly increases in volume as a larger 
area of the borough is built over and 
paved, and less of the rainfall sinks into 
the soil itself.” “Captain Liernur him- 
self put down £4 per head of population 
as the probable cost of applying the sys- 
tem here.” 

“The impression of your deputation is : 

“1. That the system of sewerage al- 
ready adopted by the Council would be 
absolutely necessary, even if the pneu- 
matic system were in actual operation in 
the borough. 

“2. That the pneumatic system is 
highly ingenious and efficient, and prob- 
ably highly meritorious in a sanitary 
sense also, though no statistics appear to 
have been collected which would give us 
a measure of its excellence. 

“3. That in a town of so large an area 
as: Southport, relatively to population, 
the pneumatic sewerage works would be 


| considerably below the mark; but adopt- 
ing it for the purpose of argument, and 
taking the population of London at 
4,200,000, the cost of the introduction of 
this system into the metropolis would 
reach the enormous total of £16,800,000; 
and to this expenditure the cost of the 
main-drainage system, which would be 
in no sense superseded by the new sys- 
tem, would have to be superadded. It 
is difficult to estimate what the annual 
expenditure for the maintenance and 
working of the system would be; though 
one thing is sufficiently clear, that no 
profitable return from the manufacture 
of ‘poudrette’ could be looked for in 
| England. 

Assuming the cost of maintenance and 
| working at 2s. a head, this would repre- 
‘sent for London an annual outlay of 

£420,000, which, capitalised at £4 per 
‘cent. would require £10,500,000 to be 
raised; and adding this sum to the prime 
‘cost, it would appear that the intro-" 
‘duction of the system into the metropolis 
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would involve an expenditure of £27,300- there; and that among the better classes 
000. It is worthy of remark that it is|the system is considered inferior to 
customary in Continental towns to remove | waterclosets and cesspools.” This ex- 
the solid refuse by manual labor, at a/ tract contrasts strangely with Mr. Scott’s 
cost largely in excess of anything in Report, as to the extension of the system 
operation in England, and the annual|at Amsterdam. Again: “Captain Lier- 
cost, therefore, of the pneumatic system nur’s calculations of cost, although very 
would not commend itself so strongly as high, provide for the removal of excre- 
an objection abroad as it would in this|)ment alone. With his system, there 


country. 

2. Amsterdam.—Mr. Scott, in his 
Paper of May 1876, on the operation of 
the system at Amsterdam, quotes passa- 
ges from a Decree of the Common Conn- 
cil, issued on the 10th of April, 1873— 
an accountgf the system by Dr. Egeling, 
of the Hague, which appeared in “ Pub- 
lic Health,” November 2nd, 1874—and | 


/must be also sewers for rain-water, street 
‘drainage, slops, &c. He would have 
separate pipes, too, for the drainage of 
ithe soil.” Again: “ By the politeness 
\of Mr. Bergsma, Secretary of the Board 
of Works of Amsterdam, a friend of the 
system, I was able to see it in actual 
| operation. 

“The emptying of the tanks was com- 


a letter from Mr. Bergsma, of Amster-| plete, rapid, and, as far at I could see, 
dam, dated August, 1874, in proof of the successful. ‘There was no trace of odor. 
success with which its adoption has been | In the central building, where the matter 
attended there. Without going so far| was transferred to barrels, and in its im- 
back in point of time, the following ex-| mediate vicinity, the stench was very 
tracts from the Seventh Annual Report | great. In the houses of the poorest class, 
of the State Board of Health of Massa-| where the house is used by several fam- 
chusetts, United States, published in ilies, they become soiled, and in some 
January 1876, which treats of this sys-|cases filled to overflowing, before any 
tem from personal observation, sufficient- | one takes care of them. They become 
ly indicate the measure of success with | clogged occasionally by coffee-grounds, 
which its practical operation has been at-| ashes, &c., which will find their way 
tended. The writer says (p. 312). “In)into them. They are not as offensive as 
Amsterdam, the odors from the canals | the midden, or privy, still to be found in 
have been for years extremely offensive. | many large cities. They are in all cases 
They are all open sewers, with no cur-,out of doors, and the people who use 
rent, and foul gases are constantly bub-|them prefer them to the arrangements 
bling up during the summer. During / which existed before their introduction. 
winter the offence is less, and arises| “In a few houses of the middle class, 
chiefly from the distribution of so much | where they are in the yards, a few rods 
filth upon the ice. 


| wl 
Naturally, the | from the houses, they were scrupulously 
authorities were willing to try any system clean, received frequent washing, and 
which promised any solution of their) were not offensive. In a primary school- 


difficulty. They adopted the Liernur | house, where the closets were separated 
system in one of the poorest quarters of | by only a narrow passage-way froin the 
the city in 1870. On the 10th of April, | class-rooms, they were very frequently 
1872 Mayor den Tex and the aldermen washed, and although there was a slight 
decided upon its compulsory adoption in | disagreeable odor, there was nothing 
seven other small districts. At the really offensive at the time of my visit. 
present time, it has been introduced for It is undoubtedly true, as the teacher 
a population of 6,000, or one-fiftieth of |said, that the closets are much more 
the whole city. Mayor den Tex, and satisfactory than anything which they 
the present Master of Public Works, had ever had before. . 
state that it has given entire satisfaction) “In the houses of the better class, 
in the poorer parts of the city, where there is so much complaint of the bad 
there was absolutely no accomodation odor from the closets, that they get rid 
before, and where the closets connected of it as best they can by flushing, with a 
with it are out of doors. They state, sudden dash of a large quantity of water, 
also, that its first cost renders it doubt- after each use of the seat. Occasionally 
ful whether it will be extended even they become entirely clogged, when the 
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odors are simply insupportable. Mr. | “ poudrette,” and, secondly, because it 
Dyck, a resident of Amsterdam, who | cannot command a sale. 
has also a farm in the country, states) 3. Dordrecht.—At Dordrecht, the 
that twice in one year this intolerable| Liernur system was applied in 1875, 
stench drove him and his family entirely | upon an area of 17,300 metres, containing 
out of his house, until the obstructions a population of 800 inhabitants, dis- 
could be removed. | tributed over 128 houses fitted with 117 

“Captain Liernur proposes to meet|privies. The great feature of its opera- 
this difficulty by automatic waterclosets, tion there appears to be the manufacture 
using only one litre of water at each | of poudrette on a large scale, and a pro- 
time of use; but they have not been put visional project for the extension of the 
to the test of practice, and so small a/ system to other parts of the city is con- 
quantity can be of no more service tingent upon the success of this mauu- 
there than in our ordinary hopper facture. In his account of the system 


closets. 

“A part of the original plan was to 
sell the excrement at a remunerative 
price; but people of the neater class 
cannot be prevented from flushing their 
closets liberally, and the contents of the 
reservoirs contain so large a proportion 
of water as to have the general appear- 
ance of ordinary sewage, except in color. 
Dr. Amersfordt made a contract with 
the city to take the whole of it, to be 
delivered on his farm at 114 cents (U. 
S. currency) for each 100 litres. The 
contract expired January 1, 1875, and 
has not been renewed, for two reasons. 
Dr. Amersfordt states that the distribu- 
tion of largely-diluted manure from 
barrels is costly and difficult; also that, 
when delivered to him insthe winter, it 
is often frozen in the barrels. It is now 
sold for 163% cents (U. S. currency), 
delivered by boats on the farms, during 
the summer only. In winter it is carted 
down below the city and thrown into 
the harbor, as it cannot be sold.” 

Thus the example of Amsterdam 
proves the substantial character of some 
of the objections which have been urged 
against the system. For instance, it is 


abundantly clear that the central build- | 


ing, where the process of decanting the 
liquid into barrels goes on, is an institu- 
tion which ¢ould never be tolerated in 
an English town; that the closets are of 
such a character that, though they 
might be appreciated by the poorer 
classes in the open air, would be insuffer- 
able as applied to the wants of a high- 


class population; that the manufacture | 


of manure can never be attended with 
profit, first, because the closets can only 


}at Dordrecht, published on the 7th of 
October, 1875, which appe@rs in the 
Journal of the Society of Arts of the 
following May, Mr. T. A. Van der Kloes, 
Director of Public Works there, states 
that it would be several months before 
the “poudrette scheme” could be in 
regular operation, and he is not therefore 
in a position to supply statistics with re- 
gard to its manufacture. In a letter ad- 
dressed, on the 20th of January, 1876, by 
D. W. Hoop, the Mayor of Dordrecht, 
ito the Honorable Frederick Schiitz, 
United States Consul at Rotterdam, 
the Mayor states that “the extension of 
the above-mentioned provisional project 
is delayed, awaiting the results of the 
poudrette preparations, with regard to 
which it is thought that suflicient in- 
formation will be obtained within a few 
months;” and again, in conclusion, “ with 
regard to the profit on the capital in- 
'vested in the system, nothing can be 
stated as yet with certainty, as this com- 
‘munity finds itself still too undecided to 
do so definitely. While the experiment 
is being carried on, we await more defi- 
nite regulations from the person who has 
the contract for cleansing the city.” 

So that so far poudrette has not prov- 
ed a financial success at Dordrecht. At 


| Leyden, the Mayor’s letter proves that it 
has been a financial failure, and the 
same result has followed the manufac- 
ture of manure by Dr. Amersfordt at 


_Amsterdem. In addition to this practi- 
|cal experience, the Report of the State 
Board of Health for Seaindbaatts (p 
317) concludes by saying, “It should 
be remembered that a similar experiment 
failed in Amsterdam twenty years ago, 


be preserved in a sanitary state by a|that the Paris poudrette sold for one 
copious use of water, which water is| twentieth of the value placed upon it by 
fatal to the efficient manufacture of | the chemists; and that an English com- 
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pany has become bankrupt in attempting 
to pay two francs a cubic métre for the 
contents of the cesspools in Paris, leav- 
ing several hundred thousand cubic 
métfes at Bondy, of which the authori- 
ties would be glad to rid themselves.” 

Surely nothing more is wanted iu the 
way of practical proof to point the irre- 
sistable conclusion: that though the Lier- 
nur system may be used with partial and 
costly advantage in the tide-locked cities 
of the Hague, where a system of sewer- 
age is said to be impracticable, the popu- 
lation is not fastidious in its notions, and 
anything in the nature of a system must 
be an improvement on the previous un- 
sanitary condition, it can never for one 
moment have a place in the operations of 
the English engineer. 

V. SEABOARD AND TIDAL OUTFALLS. 

Having regard to the unsuitability 
and costliness of chemical processes, 
and of the dry earth and Liernur systems, 
and the many difficulties, financial and 
otherwise, which attach to the disposi- 
tion of sewage upon land, there can be 
but little doubt that, given a seaboard 
town, the proper destination of the sew- 
age is the sea. By some, who insist 
strongly on the value of sewage, it has 
been objected that such means of dis- 
posal are, in fact, an absolute waste of 
most precious material—material which, 
if properly handled, must constitute in 
itself an almost inexhaustible mine of 
wealth. But day by day the belief that 
sewage possesses any recuperative value 
is becoming rudely dispelled, and the 
doctrine is gaining ground that, instead 
of keeping sewage at the door as though 
it were a friend, the right view is to 
treat it as an enemy, to get rid of which 
by any means or at any cost should be 
the primary consideration. 

But though such an outfall certainly 
suggests,in the case of a seaboard town, a 
natural, economical, and feasible method 
of dealing with its refuse, there are a few 
points affecting its construction and po- 
sition, such as the propriety of the tide- 
locked outfalls, the course of currents, 
silting up, which are more or less matters 
of controversy. Into the first of these 
points, a tide-locked out-fall, it is not 
proposed to enter in this Paper, as it 
comes more properly within the province 
of a discussion upon the principles of 
sewer construction than the disposition 





of sewage at the out-fall. As to the 
second point, namely, course of currents, 
it may be laid down as a general rule 
that, assuming any doubt to exist with 
regard to the force or set of the currents 
to which the sewage is to be committed, 
careful float observations should be taken 
with a view to preclude the possibility 
of its being returned upon the beach. If 
such precautions are taken, there ought 
to be no special difficulty in guarding 
against the occurrence of such a return. 
The last point, or the question of silt- 
ing-up at the outfall, is one which affects 
tidal rivers rather than marine outfalls. 
But if the site for such outfall be ju- 
diciously selected, and proper means be 
taken, in the town which drains to the 
outfall, for the exclusion of silt and 
heavy matters by catchpits and an effi- 
cient system of scavenging, there can be 
little reasonable apprehensions of silt- 
ing-up taking place. At the metropoli- 
tan -outfalls, no less a quantity than 
120,000,000 gallons of sewage, a 
the dry-weather flow alone, is passe 
daily into the river—a volume of sewage 
equivalent to a fair sized stream—and 
yet no silting-up has occurred. In fact, 
it would seem to be a logical inference, 
in the absence of disturbing causes, that 
where the velocity of the current into 
which the sewage is discharged is greater 
than the velocity of the current which 
carries it down through the sewers to 
the outfall, there cannot be much danger 
of silting-up or interfering with the 
navigable channel. Of course it is diffi- 
cult to frame a rule to meet all cases. 
Much must depend upon the means 
taken to exclude heavy matters from the 
sewers, and much upon the character of 
the locality sewered, some localities pro- 
ducing far more detritus than others. 
Then, again, the amount of sewage dis- 
charged, the sectional area of the river, 
the volume of water in its channel, and 
the velocity of the current, are all items 
in the consideration of the propriety of 
the outfall, so far as silting-up is con- 
cerned. But still it may be accepted as 
a generally sound proposition, that where 
efficient means are adopted for the ex- 
clusion of heavy matters, such as road 
detritus, from the sewers, sewage may be 
discharged into tidal rivers without any 
material amount of silting-up taking 
place at the outfall. 
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This completes the classification which 
the Author adopted for the purpose of 
reviewing the various processes or sys- 
tems in practical use for the disposal or 
utilization of town sewage. He now 
ventures, referring once more to such 
classification, to submit the following 
definite conclusions for the consideration 
of The Institution of Civil Engineers, in 
the hope that they will induce such a dis- 
cussion as may tend to promote a more 
unanimous opinion, than at present ap- 
pears to exist, upon the various questions 
which attach to their consideration: 

1, TREATMENT WITH CHEMICALS. 

Conclusions—No chemical process can 
efficiently deal single-handed with 
sewage, but must be assisted by 
subsequent natural or artificial filtra- 
tion of the treated sewage, and 
therefore no chemical process per se 
should be adopted for the purifica- 
tion of town sewage. 

2, APPLICATION OF SEWAGE TO LAND. 

(a) Irrigation. 

Conclusions—That where land can be 
reasonably acquired, irrigation is the 
best and most satisfactory known 
system for the disposal of sewage. 
That no profit must be expected 
from the cultivation of crops by the 
sanitary authority, and only a 
moderate one by the farmer. That 
no definite standard can be laid 
down as to the proportion popula- 
tion should bear to acreage. 

(5) Intermittent Downward Filtration. 

Conclusions—That Intermittent Down- 
ward Filtration may be practiced, 
where irrigation cannot be reasona- 
bly adopted. That experience shows 
that the permanent proportion of 
population to acreage, where land is 
drained six feet deep, should in no 





case exceed 500 or 600 persons to 
an acre. That the term Intermittent 
Downward Filtration means no more 
than the production by deep dgain- 
age of a state of things frequently 
found in irrigation, and that irriga- 
tion can in some cases accommodate 
a larger proportion of population to 
acreage than Intermittent Down- 
ward Filtration. That Intermittent 
Downward Filtration, as expounded 
and explained by the Rivers Pollu- 
tion Commissioners, has never had 
and never can have any practical ex- 
istence. 
3. THE DRY EARTH SYSTEM. 
Conclusion—That the dry earth system 
can never be adopted for the purpose 
of dealing with town sewage, but 
may be occasionally used with ad- 
vantage in small hamlets or detached 
buildings or institutions. 
4, THE LIERNUR OR PNEUMATIC SYSTEM. 
Conclusion—That the Liernur system 
is of such a character that it should 
never be imported into an English 
town. 
5. SEABOARD OR TIDAL OUTFALLS. 
Conclusion—That towns situated upon 
the sea-coast, or within the tidal 
range of rivers, should avail them- 
selves of the means of outfall thus 
presented, as affording the most 
economical and efficient means of 
dealing with their sewage, careful 
regard being always had to the posi- 
. tion of the outfall. That proper 
precautions being observed for the 
purpose of excluding silt from the 
sewers, and care being taken in the 
selection of outfalls upen the banks 
of tidal rivers, there is no reasonable 
danger of the silting-up of the navi- 
gable channel. 





TORPEDO PRACTICE. 


From “Iron.” 


The actual use of torpedoes as engines 
of war, though theoretically most valua- 
ble both for attack and defence, has 
drawbacks which are worth considering. 
We may refer, by way of evidence, to 
Captain Scott’s remark on Mr. Donald- 


son’s paper in regard to the Whitehead 
torpedoes—that every ship of war carry- 
ing a supply of these missiles, carries a 
terrible and novel source of danger to 
herself. Again, in the present war, it is 
reported that, with the aid of skilled 
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divers, torpedoes can be suecessfully dis- | 
armed. It is not difficult, therefore, to | 


understand that the manufacture of tor- 


pedoes is one thing, but that their suc- 
cessful use is totally different. For. 
coast protection there are two classes of 
torpedoes, the mechanical and the elec-| 
tric. At the present time, except in 
peculiar circumstances, the mechanical 
torpedo presents so many disadvantages 
—not the least of which is that its suc- 
cess depends a great deal on accident, 
and is, consequently, very problematical 
—that it may almost be excluded from | 
consideration. Yet, when mention is 
made of the use of torpedoes during the 
present war on the Danube or elsewhere, 
it would not do to assume that the me- 
chanical torpedo is discarded. This weap- 
on is useful enough if it is properly | 
planted, if it is properly made, if a great | 
many other considerations have been 
carefully noted, and if, finally, luck is on | 
its side. But, once laid down, it cannot | 
be tested, nor can it be manceuvred in| 
any way. It is as likely to injure friend | 
as foe, and is not unlikely to be found 
perfectly harmless to both. In fact, it is 
a two-edged weapon, which is as dan-| 


| 
| 


gerous as it is useful, and it proved its 
terrible unsteadfastness in a variety of | 


ways during the American War. Now, | 


when it is reported that the Turks are | 
prepared to render Russian torpedoes in- | 
operative, reference is evidently made to 
this class of weapon, which can easily be 
ruined without risk of serious danger. 
The electric torpedo is, however, a more 
formidable weapon, and can hardly be 
destroyed or ruined, except by accident, 
or by taking advantage of extraordinary 
carelessness on the part of those who are 
interested in its safety. The deadly na- 
ture of this weapon may be realized by 
remembering that the operator is on 
shore, undisturbed, with plenty of time 
for quiet and accurate calculation, and 
dependent only on nerve for the success 
of his torpedo. But, and this “but” is 
very large, the use of electricity, es- 
pecially in a case like this, where the 
results are so serious, requires a large 
exercise of dexterity and delicacy. The 
smallest deviation from the prescribed 
course may lead to an awful disaster, 
and a slight want of nerve may send a 
friend instead of an enemy to the bottom. 





In fact, the position of the operator is 


not unlike that of a pointsman or signal- 
man on a railway. Captain Fisher 
places this in a strong but intelligible 
light in his remark that “ when that most 
trying time comes in which the utter 


destruction of an enemy’s ship may rest 


solely on the operator, he will be able to 


act instantaneously, without hesitation. 


There is no time to think then. The 
enemy, if he is wise, will be forcing his 
passage at his utmost speed—one instant 
he is in danger from the torpedo, the 
next he may be safe—with the exception 
perhaps of a good shaking.” His subse- 
quent remark is worthy of being in- 
scribed in letters of gold in every battery 
and every man-of-war:—“ The great se- 
cret of the successful management of 
torpedoes will be found to consist in pay- 
ing the utmost attention to apparently 
trifling precautions, and in trusting no 


| one.” 


In the use of torpedoes, or in their 
actual application in the time of war, 
one of the most important lessons to be 
learnt is their planting. Great judgment 
and care are essential here, and it forms 
naturally an important feature in all 
courses of torpedo instruction. In re- 
ferring to the difficulties of this opera- 
tion, Captain Fisher has pointed out 
that it is of the utmost importance in 
laying down a torpedo to insure the 
preservation of its exact position; to 
avoid any chance of a fracture of the in- 
sulated wire through twisting; to calcu- 
late accurately the exact height and force 
of the tide, so as not to expose the tor- 
pedo at low water, nor make it inopera- 
tive at high; and to consider carefully 
currents, winds, the action of spring 
tides, and any other exceptional points 
in the channel under protection. Posi- 
tion also requires great consideration and 
experience; for it is quife possible to lay 
down scores of torpedoes which would 
be perfectly useless. For instance, it is 
essential to plant them at such a dis- 
tance from the line of coast under pro- 
tection as to prevent ships from coming 
sufficiently near to use their guns effect- 
ively. It is also important to plant 
them, like lettuces or cabbages, suffi- 
ciently far apart from one another not to 
interfere with independent action. Ref- 
erence has been made recently to the 
valuable aid to be derived from the 
camera obscura; but this instrument, 
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useful as it is, has been rather over- | should always be borne in mind when en- 
rated, for its accuracy in daytime is diffi-| deavoring to attack an enemy’s vessel 
cult to insure except in peculiar circum- with outrigger torpedo boats.” He 
stances, and at night it would naturally quotes an instance, the case of the Albe- 
be useless. |marle, where “the torpedo was sub- 
But while the difficulty in using the merged ten feet, and exploded under an 
electrical torpedo is chiefly technical or overhanging portion of her stern, which, 
mechanical, and can be overcome by | though several feet from, yet was virtu- 
practice, the treatment of torpedoes to | ally over, the torpedo.” 
be used at sea, whether in the “spur” or, Although this subject admits of much 
“Whitehead” form, calls not only for elaboration, and a great deal remains to 
technical skill and dexterity, but for be said about the special danger of the 
ag: qualities of the highest order.| Whitehead torpedo, not only in its actual 
he “spur” torpedo is intended to be use, but in the mere fact of carrying 
used in the new Thorneycroft boats, such | such a destructive weapon in a man-of- 
as the Lightning. The object of these | war, we have said enough to show that 
boats is, by the attainment of a speed of | there are two’ sides to the torpedo ques- 
twenty or twenty-five miles an hour, to|tion. The torpedo is a very double- 
attack any man-of-war by coming up| edged tool, and, valuable as its powers 
with it, launching against it a torpedo, | are for attack, its value depends mainly 





and then running away. again. Simple) 
as this operation may seem, it is attend-| 
ed with such manifest danger as to prove | 
that special qualities of nerve and readi- | 
ness are requisite. To use a torpedo ia 
this way efficiently, it is important to be 
very careful both as to the place and 


mode of using it. As failure will, almost | 
inevitably, prove fatal, constant practice 


is necessary to attain the necessary pro- 
ficiency. In fact, to be successful de- 
mands on the part of the officer chosen 
for this work an amount of nerve and of 
delicate judgment not exceeded in any 
other warlike operation. The great 
recommendation about this mode of using 
torpedoes is that, if successful, its suc- 
cess is undoubted. The case of the 
Housatonic, mentioned by Mr. Donald- 
son at the United Service Institution, is 
a case in point. But precision in attack 
is absolutely essential. It is quite possi- 
ble, as has been proved by experiment, 
to explode a torpedo harmlessly, although 
in actual contag¢@ with a ship’s side. In 
one case the charge was submerged only 
six feet, and although the charge con- 
sisted of fifty pounds of powder, no vital 
injury was ieee. To quote Captain 
Fisher on this point—“ The vertical effect 
of a submarine charge, no matter at what 
depth, is much greater than that in any 
other direction; this is but natural. The 
explosion is dammed up laterally, stop- 
ped by the bottom, reacted upon laterally, 





reacted upon by the bottom; so it is evi- 
dent the atest effect must take place 


in a vertical direction. The principle! 


on the exercise of exceptional and high 
qualities.— The Times. 


Captain Morgan Singer, of the Vesu- 
vius, torpedo ship, has been carrying out 
a series of experiments in the capacious 
repairing basin at Portsmouth, with the 
object of discovering the best means of 
defending ships against the attack of the 
Whitehead torpedo. Up to the present 
time the ingenuity of the naval architect 
has been mainly exercised to protect ships 
against the entrance of shot and shell; 
and while for this purpose he has gone 
on increasing the thickness of the side 
armor, the bottom of the ship, against 
which the attack of the torpedo is di- 
rected, remains in almost its original 
weakness. How to protect the hull 
against both the gun and the torpedo 
and at the same time preserve the sea- 
worthiness of the ship isone of the many 
problems in naval construction which 
have yet to be solved. In the meantime 
two methods of protection against torpe- 
does are proposed—-viz., the employment 
of fast “satellites” to ward off and at- 
tack the torpedo boats before they can 
get within range, and the erection of 
crinoline frames around the ships them- 
selves, by means of which the rush of 
the projectile would be arrested before 
striking the hull. Both devices have 
their disadvantages. The general use of 
patrolling craft would immensely compli- 
cate the exigencies of an engagement by 
provoking a number of subsidiary bat- 
tles around the main action; besides, the 
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champions of these small craft seem to 
forget the all-important fact that in the 
next naval engagement the principal an- 
tagonists would themselves use the tor- 
pedo. Hence, even with the adoption 


of an auxiliary fleet, it is essential that | 


our ships of war should be fitted with 
some defence against this terrible sub- 
marine engine. The torpedo net will 
necessarily impede the way and obstruct 


the manceuvring of an ironclad, and, | 


such being the case, the object of Cap- 
tain Singer has been to ascertain the 


form of crinoline which would oppose | 


the least resistance to the water and the 
most resistance to the torpedo. Various 
forms of nets, composed of alternate lines 
of bars and chains, have been tried, but 


the size and power of the missile have 


been so increased of late that it has been 
found that the torpedo nets of the Thun. 
derer afford little or no protection. 


Last week a chain net, formed of chains 
5-16ths of an inch thick, was easily per- 
forated by the Whitehead. The great 
fault of the nets is their extreme rigidity, 
which opposes a solid wall to the impact 
of the torpedo, and the bars are conse- 
quently snapped. After many trials, 
however, very successful results have 
been obtained from a wire grummet, mat- 
ting, composed of wire strands about 
half an inch in thickness rove into open 
meshes. It possesses considerable flexi- 
bility, and, as it yields when struck, the 
force of the torpedo is not suddenly, but 
gradually, arrested, and as it loses its 
momentum it is thrown back by the re- 
coil of the mat. During the experiments 
a torpedo thus forced back twirled its 
tail off without inflicting any injury to 
the matting. This is the nearest ap- 
proach to perfection which has yet been 
attained, 





MOMENTUM AND VIS VIVA. 


By J. J. SKINNER, O.E., Ph.D., Instructor of Mathematics in Sheffield Scientific School, New Haven, Conn. 
Contributed to Van NosTRaND’s MAGAZINE. 


Il. 


III. wpact OF ELASTIC BODIES. 


In the formula deduced in the last see- 
tion for the common velocity of two 
bodies after impact, one of them was 
supposed to be at rest before impact. In 
order to make the formula more general 
let us suppose both the bodies to be in 
motion, in the same direction, their cen- 
ters of gravity being in the same line of 
motion, and suppose their velocities to 
be such that impact shall occur. Let 
M and M’ be the masses of the bodies, 
and U and U’ their respective velocities. 
Let M’ be in advance of WW; then in 
order that impact may occur, U’ must be 

reater than U’. In that case the mass 
will overtake the mass 1’, and have 
its velocity reduced by the impact, while 
that of uw will be increased, until they 
acquire a common velocity. Let XY rep- 
resent that common velocity, or the velo- 


M: M’:: (X—U"):(U-—X); 
MU+M U’. 
M+M' 


The common velocity is deduced with- 
out reference to the nature of the bodies, 
and is therefore the same for elastic as 
for inelastic bodies. The bodies would 
| be compressed by the impact, and if per- 
| fectly inelastic would remain compressed, 
| with no tendency to recover their form, 
and would move on with the common 
| velocity.- If they were elastic they 
| would immediately tend to recover their 
form, and in so doing would re-act upon 
/each other in such a way as to produce 
| . . 

a further change of wolediey in each; 


r 


from which we get X= 





}and they would separate, and neither of 


| them retain the velocity X. In the im- 
/pact of elastic bodies we therefore dis- 


'tinguish two periods of the action. In 





city of the two bodies at the instant the first period the bodies are compressed, 
their velocities have become the same. and acquire a common velocity, and in 
Then, by a course of reasoning similar to the second period they to a greater or 
that employed before, we shall have the less extent recover their form, and their 
proportion, ‘velocities again become different. 
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A perfectly elastic body would be one 
which after compression should com- 
pletely recover its form, and which 
should exert in the recovery of its form 
a force exactly equal in intensity, at 
corresponding points of the action, in 
the inverse order, to the force by which 
it was compressed. There are no known 
solids which are perfectly elastic. Phy 
sicists usually call the force with which 
bodies are compressed the force of com- 
pression, and the force with which they 
recover their form the force of restitu- 
tion ; and the ratio of these two forces, | 
for the various common solids, has been | 
determined by experiment. This ratio) 
is called the modulus of elasticity. 

If impact were produced between two. 
perfectly elastic bodies a certain velocity 
would be destroyed or generated in each 
respectively during the first period of 
the impact, while the bodies were under- 
going compression and acquiring a com- 
mon velocity; and since they would be 
urged apart in the recovery of their form 
by a.force correspondingly equal in in- | 
tensity and duration to that exerted in| 
the compression, each would suffer a) 
further change of velocity during the 
second period of the impact, equal to the 
change produced during the period of | 
compression. If the bodies were per- 
fectly inelastic there would be no second 
period to the impact and no change of | 
velocity in either from the action of a/| 
force of restitution. And it is obvious, 
that with bodies partially elastic the 
ratio of the change of velocity effected 
in each body during the first period of 
the impact to that during the second 
period will depend on the degree of 
elasticity of the substances. This ratio 
is taken by physicists as equal to the 
modulus of elasticity. Whether that 
modulus is so determined that this is 
— correct in all cases, may per- 

aps admit of question; but for all the 
purposes of the present discussion we 
may consider it sufficiently accurate. 
This ratio or modulus is denoted by £. | 
For perfect elasticity would be equal | 
to 1; for perfect inelasticity it would be 
equal to 0; and for all intermediate de- 
grees of elasticity its value is between 
those limits, 

Recurring to the case of the mass /”’ 
moving with the velocity U’, followed 
in the same line by the mass WV with the 








} 





velocity U, greater than U’, an expres- 
sion has been found for their common 
velocity at the instant of greatest com- 
pression, or the close of the first period 
of the impact; and that common velocity 
has been denoted by X. The velocity 


which the mass / will have lost durin 

this first period will then be pects 
by (U—X); and the velocity which will 
have been imparted to M’ in the same 
period will be represented by (X— U’). 
In the second period of the impact the 
force of restitution, from the elasticit 

of the bodies, will still further diminis 

the velocity of M and increase that of 
M’. The ratio of the velocities destroy- 


ed or produced in each body during the 


two periods being £, the subtraction 
from the velocity of WM in the second 
period will be #(U— XX); and the addi- 
tional velocity imparted to /’ in the 
same period will be #(X—U’). Thus 


the total subtraction from the velocity 


of M, during both periods of the impact, 
will be 
(U—X)+A(U-X); 
and the total addition to the velocity of 
M’ during the whole time of impact will 
in like manner be 
(X—U")+H(X—U"). 
If we now denote the velocity of W/ after 
the bodies separate by V, and that of 1’ 
by V’, we shall therefore have 
V= U—(U—X)—-E( U-X) 
=X—HKU-X). 
V’= U'+ (X—U) + HX-U’) 
=X+E(X— UV’). 
If in these formulas we substitute the 
value of Y previously obtained, we find 
after reduction, 


MU+MU' MEU-—U’). 
M+ M’ M+ lM’ 
_MU+MU’ _ME(U—U’). 

M+ M M+M’ 


If the mass J’ were moving before im- 
pact in the direction towards J, instead 
of in the same direction, we should find 
the same formulas with the exception 
that the algebraic sign of U’ would be 
changed throughout. If the mass J’ 
were at rest before impact, U’ would be 
equal to 0. The latter part of this 
demonstration mainly corresponds to 
that given in Silliman’s Physics. 





V= 


Vv’ 
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From the above formulas, if we know 
the masses of the two bodies, their velo- 
cities before impact, and the value of £, 
we can easily determine the respective 
velocities of the bodies after impact; 
and knowing their velocities we can then 
calculate the mcmentum and vis viva of 
each. Let us illustrate the use of the 
formulas, and the proper interpretation 
of the results, by the solution of a special 
example. 

Suppose there be two cast-iron balls 
weighing respectively 32 1-6 pounds and 
160 5-6 pounds. Their masses will be 
M=1, and M’=5. For simplicity sup- 
pose JM’ to be at rest, but free to move, 
and suppose J to strike it in the line of 
their centers with a velocity of 1,000 
feet per second. We shall have U= 
1,000, and W=0. Take the value of 


£ for cast-iron at 0.73, as given in Silli- | 


man’s Physics, and suppose the balls 
capable of enduring the shock without 
breaking. Then by substituting these 
values of M, M’, U, U’, and £, in the 
formulas for the value of V and V’, we 
obtain after reduction 


V=—4413. V'=2884. 


The value of V being negative we in- 
fer correctly that the ball previously in 
motion with the velocity of 1,000 feet 
per second will recoil from the shock 
with the velocity of 441% feet per second 
in the direction opposite to that of its 
former motion. But its momentum, or 
the intensity of the constant pressure re- 
quired to bring it to rest in one second 
will nevertheless be 44141 = 4413 
pounds, The value of V’ being positive 
the ball previously at rest will move with 
the velocity of 2884 feet per second in 
the direetion of the motion of the first 
ball befere impact. Its momentum will 
be 288$ X5=1,441$ pounds. The arith- 
metical sum of the momenta of the two 
balls after impact is therefore 


441%+ 1,4413=1,8834 pounds. 


But the momentum of the first ball be- 
fore impact was only 1/U=1,000 pounds. 
If then momentum represents a quantity 
of motion, and if motion cannot be gen- 
erated by the impact, how shall we ac- 
count for this great increase of momen- 
tum? We should have to assert that 
since the mass © after impact moves in 
the direction opposite to its former mo- 


| thoug 


tion, its quantity of motion is less than 
no motion at all, or is equivalent to the 
destruction of 441% units of motion, and 
/must therefore be subtracted from the 
quantity of motion of the mass /’; thus 
leaving a quantity of motion in the two 
balls equal to 1,000. But although it 
|may be true that two equal and opposite 
pressures on a body will destroy each 
other, so that the body shall remain at 
/rest, it isnot true that the motion of two 
‘equal bodies with equal velocities in 
opposite directions is equivalent to the 
rest of either or both the bodies, or that 
their motion may be destroyed by acting 
on each other. Motion cannot be de- 
stroyed by the destruction of other mo- 
tion. Whenever the motion of one body 


is destroyed, motion of one kind or 
another is produced in other bodies. 


Take, for instance, two equal inelastic 
|bodies moving towards each other with 
equal velocities. When they strike, 
they may apparently destroy each other’s 
motion, but in fact the motion of neither 
\is destroyed except by conversion into 
motion of another kind, viz: heat. And 
if all the work which could be per- 
formed by this heat could be applied to 
the double mass in one direction, it 
would give it a velocity just equal to 
that of either body before impact. Be- 
| sides, there are many ways in which the 
direction of motion may be changed 
without material loss of velocity. Sup- 
pose the mass © in the above example 
after the recoil to strike perpendicularly 
a fixed elastic spring. It will be thrown 
back again in the direction of its first 
Motion with a little loss of velocity. 
And then even the algebraic momentum 
of the two balls would have been in- 
creased by more than half the momentum 
of M before impact. And yet the velo- 
city and momentum of both the balls in 
the same direction would be wholly due 
to the primitive velocity of the first ball. 
Or the direction of the motion of J/ may 
be reversed by allowing the ball to de- 
scribe a semi-circular arc in a rigid 
groove, or to ascend an inclined plane 
till the force of gravity causes it to re- 
turn. Or, if we suppose the bodies to be 
moving horizontally, their motion might 
be applied, by means of pulleys or other- 
wise, so as to raise vertically just as great 
a weight and to just as great a height as 
they were moving in the same 
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direction. Has the mass ¥ then less | whatever the elasticity or masses or ve- 
than no motion at all? locities of the bodies, the algebraic sum 

It would seem impossible to get clear of the momenta after impact would be 
of confusion in this subject, without dis- equal to that before impact; or that if 
carding entirely the expression quantity | the two bodies were moving before im- 
of motion, and confining the term momen- pact in the same direction, and after im- 
tum to its exact meaning. The definition pact in opposite directions, the arith- 
of momentum as a quantity of motion | metical difference of their momenta after 
can only lead to absurdity, as we have impact would be equal to the sum of 
already seen. But that definition is so, their momenta before impact. But we 
widely accepted, and supported by such | may give a general demonstration of this, 
high authority that it may be worth which will not only prove it true, but 
while to sift it a little further. | will also show us why it should be true. 

Take the case considered above, the The masses of the two bodies being M 
mass M=1, its velocity=1,000, and sup- | and ©’, their respective velocities before 
pose that its quantity of motion is then impact being U and U’, and after im- 
equal to 1,000 of something, (who can pact Vand V’, the change of velocity 
tell what?) It should seem evident) which the mass M experiences by the 


that a body cannot impart to another | 
body more of a quantity of motion than | 
it possesses itself. But yet, if the quan- | 
tity of motion of W/ be equal to 1,000, 
we must allow that it imparts to WM’ a 
quantity of motion equal to 1,441%; and’ 
this is absurd. 


impact is (U— V); and the change pro- 
duced in the velocity of Wis (V'—U’). 
Now whatever the relative masses or 
velocities, or the degree of elasticity of 
the bodies, or whatever heat or molecu- 
lar motion may be developed in the im- 
pact, the total resultant pressure on M 


Again, if two bodies have no motion is at every instant through the whole 
they must be at rest. But suppose we | time of the impact precisely equal to the 
have two equal bodies M and /, moving opposite resultant pressure which is ex- 


in opposite directions with equal veloci- erted on M’. The changes of velocity 
ties Vand V. Then if J/V equals the| of the two bodies will therefore be to 


actual quantity of motion of each, and if each other inversely as the masses. We 
a quantity of motion in one direction de- thus get the proportion 

stroys an equal quantity in the other| M:M'::(V’—U'):(U—V); 
direction, the total quantity of motion in| | . oe ; . 
the two bodiesis MV—MV=0. There- Wen? 

fore the bodies have no motion, and | M"( V'—U')\=M(U—V); 
hence must be at rest. But this is false, | from which we have 

_ they were supposed to be in mo | MV+M'V'’=MU+M'U'; 

This argument may be absurd, but we|in which the two members represent the 
are inevitably led into all sorts of such | algebraic sums of the momenta respect- 
absurdities if we attempt to consider| ively after and before impact. 
momentum'as a quantity of motion, or| This last equation is derived in some 
anything but what it really is. But with) works on Physics, by transforming and 


the correct understanding everything is 
perfectly clear and simple. 

In the example we have now consid- 
ered, one of the bodies was supposed to 
be at rest; but aside from that there was 
nothing peculiar about the conditions. 
And we found that after impact the 
arithmetical difference between the mo- 
menta, or, if you please (since the balls 
would be moving in opposite directions), 
the algebraic sum of the momenta of the 
two balls, was just equal to the momen- 
tum of the mass © before impact. 





Hence we might infer in general, that 


combining the general values for V and 
V’ after impact. And upon the evi- 
dence of this equation the assertion is 
founded, that by the impact of bodies, 
whether elastic or otherwise, no motion is 
lost. But the equation does not prove 
that by any means. It simply proves 
that the algebraic sums of the momenta 
before and after impact are equal. And 
even that must be taken with a clear 
view of the circumstances of the case. 
For instance, in the example already 
solved, we found that the mass M@ would 
have a velocity after impact of 441% feet 
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per second in the direction opposite to its | site direction, then the algebraic sum of 
previous motion. You may say, if you|/the momenta after impact means the 
please, that it has a negative momentum | arithmetical difference of those momenta; 
equal to 441% pounds, but you must not | and of course the actual or arithmetical 
understand that this actually destroys|sum of the momenta after impact must 
an equal part of the momentum of J/’;| therefore in such case be greater than 
for the bodies are supposed to have no|that before impact, by just twice the 
connection with each other after impact. | actual momentum of J in its new direc- 
All we can say is that if the momentum | tion. 
of M could be applied so as to destroy; We need not be afraid of the fact that 
an equal part of the momentum of J’, | it is possible to have an actual increase 
the remaining momentum of J/ would! of momentum by impact. For we found 
be equal to the momentum of .W before | that with perfectly inelastic substances, 
impact. But this does not prove that| whatever change there might be from 
there is no motion lost. For in ov® ex-| ordinary motion to heat, the momentum 
ample the bodies are partially inelastic, | would be the same after impact as be- 
and in the impact there must have been| fore. Now if a very small mass with a 
more or less change from ordinary mo-| high velocity impinge on 4 very large 
tion to heat; and we shall find further | mass at rest, when their velocity becomes 
on, that the heat developed by this case | common it will be very small; and then 
of impact, if equally distributed through | if the bodies are elastic and the force of 
the two balls, whose combined weight is | restitution operates to separate the bodies 
193 pounds, would raise the temperature jand change molecular motion back into 
of the whole mass 11.4784 degrees Fah-| ordinary motion, at the instant the ve- 
renheit. Has there then been no de- | locity of the small mass becomes zero 
struction of motion? True enough, | the momentum of the large mass will be 
there may not have been, if you consider | equal to that of the small mass before 
this heat as motion. But then, the mo-| impact; then if the force of restitution 
mentum after impact entirely neglects | has not finished its work a new velocity 
this motion, and yet comes out alge-| will be given to the small mass in the 
braically equal to the momentum before | opposite direction, and the momentum 
impact, and arithmetically much greater | of the large mass will be still further in- 
still, Can it then in any way represent | creased by exactly the momentum given 
motion ? to the small mass in the new direction. 
If, however, we make momentum what! It may also help us to see how 
it is, there is no difficulty in seeing why | actual momentum could be increased by 
it should in every case be algebraically | impact, to consider the following propo- 
equal before and after impact, and why | sition, viz: Of two unequal masses mov- 
in some cases it may be arithmetically | ing with such unequal velocities that the 
much greater after than before. For it | vis viva of the one is equal to the vis viva 
follows from the continual equality and | of the other, the momentum of the one 
opposition of the resultant pressures on | which has the less velocity is the greater. 
the two bodies for the same length of |This may easily be demonstrated gener- 
time, that the changes of velocity are | ally, but it will be sufficient to consider 
inversely as the masses, and thus that|a single example. Let the mass have 
the algebraic addition to the momentum |a velocity of 1,000 feet per second, and 
of the one is equal to the algebraic sub- | let 17” be another larger mass such that 
traction from the momentum of the} when moving with a velocity of 500 feet 
other, and hence the algebraic sum of|per second its vis viva, or the work 
the momenta cannot be altered by the} which it can perform, shall be equal to 
impact, whether the bodies are elastic or|the vis viva of WM. The momentum of 
not. But if, as in the above example, | each mass is the constant pressure which 
the degree of elasticity and the relative | can bring it to rest in one second. But 
velocities and masses of the bodies are|if the mass M be brought to rest by a 
such that in the second period of impact | constant pressure in one second, we 
the force of restitution entirely destroys|know from the laws of uniformly re- 
the velocity of MV in its former direction | tarded motion that it will move through 
and gives it a new velocity in the oppo-|500 feet in coming to rest. And the 
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mass MY” in coming to rest in the same 
way would move through 250 feet. 
Therefore if the mass M”’ performs the 
same amount of work in passing through 
250 feet, as the mass M performs in mov- 
ing 500 feet, the intensity of the pressure 
exerted by M’, or its momentum, must 
be twice that of the mass M. The same 
may be shown by comparing the expres- 
sions for the momenta of the two bodies; 
for under the supposition 1” would be 
four times as great as JM, with half its 
velocity. 

If then, all the power of a moving 
body could be applied to give a larger 
mass a less velocity, with no loss of vis 
viva from the development of molecular 
motion, the, momentum of the larger 
mass would very properly be greater 
than that of the mass from which it was 
derived. But from the nature of the 
case, in the impact of two _ bodies, 
whether elastic or not, whatever molecu- 
lar motion is once developed cannot be 
re-converted into ordinary motion with- 
out the bgdies can re-act on each other 
so as to be driven apart and move rela- 
tively in opposite directions. Thus the 
algebraic momentum cannot be _in- 
creased by the impact, although in many 
cases, as in our example, a body at rest 
may acquire from a moving body a 
greater momentum than that of the 
moving body itself, and thus the actual 
arithmetical momentum of the two may 
be very much larger after than before 
impact. 

et us now resume the case of the two 
cast-iron balls, and calculate the vis viva 
of each after impact. The vis viva of / 
will be 

4X (—4413)’=97,534.722 foot-pounds. 
The vis viva of M’ will be 
4X5 X (2884)’=207,840.278 foot-pounds. 

Now we could with just as good 


reason say that the actual total of the 
vis viva of the two balls after impact is 


equal to the arithmetical difference be- | 


tween these values, as that the actual 
total of the momentum is equal to the 
arithmetical difference of the momenta; 
for the work represented by the vis viva 
will be performed in the same direction 
in which the momentum would be ex- 
erted. But it so happens, by squaring 
the velocity of M, that whether we con- 
sider that velocity positive or negative, 





the vis viva of M is algebraically posi- 
tive. In treating of momentum and vis 
viva, then, in connection with impact, 
a negative sign of the velocity in the re- 
sult should be regarded simply as show- 
ing the direction of motion, and should 
not be blindly taken as indicating de- 
struction of motion, or anythind of the 
kind. 

Remembering, then, that after impact, 
the two balls move in opposite directions, 
we may still say that the total vis viva, 
or work which they can perform, is equal 
to the arithmetical sum of the two parts, 
or 395,375 foot-pounds. Now the vis 
viva of the mass M before impact was 


$M U?=3(1,000)? = 500,000 foot-pounds. 


Hence the loss of vis viva by the impact, 
or the work employed in the develop- 
ment of heat is 194,625 foot-pounds, or 
considerably more than one-third of the 
whole vis viva of M before impact. 

To determine the increase of tempera- 
ture of the two balls, supposing the 
heat developed were uniformly distri- 
buted through their mass, we have the 
weight of the two masses given=193 
pounds, the mechanical work consumed 
=194,625 foot-pounds, and the specific 
heat of iron=0.1138. Now the expendi- 
ture of 772 foot-pounds of work in de- 
veloping heat is capable of raising the 
temperature of one pound of water one 
degree Fahrenheit;. hence the same work 
will raise the temperature of one pound 


‘ 1 
of iron 0.138 ester or of 193 pounds 


—— degrees. Therefore 


1 
193 X 0.1138 
the rise of temperature of the two balls, 
from the consumption of 194,625 foot- 
pounds of work would be 

194,625 
772 X 193 X 0.1138 
recapitulate, then, the accumulated ener- 
gy of a mass of iron weighing 32 1-6 
pounds, and containing therefore 1 unit 
of mass, moving with the velocity of 
1,000 feet per second, and having ac- 
cordingly a momentum equal to 1,000 
pounds, would be capable of imparting 
to a mass weighing 160 5-6 pounds such 
a velocity that its momentum should be 
1,441% pounds, and of giving to the first 
mass a velocity in the opposite direction 
such that its momentum should be equal 


of iron 


=11.4784 degrees. To 
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to 441% pounds, besides developing heat 
enough to raise the temperature of 193 
pounds of iron through about 11} de- 
grees Fahrenheit. 

One or two general conclusions, com- 
monly unnoticed in the books, still 
remain to be considered. We found in 
the special example above that after im- 
pact the total vis viva, both arithmetical 


and algebraic, was less than before. | 


And this would be’ found true in every 
case of impact unless the bodies were 
perfectly elastic. But if we had sup- 


posed the balls perfectly elastic, making 
E=1, we should have found after im- 


pact, V=—6663, V’=3334, and 4MV* 


+3M’ V"=500,000, which is equal to) 
And if, in) 
the general equations for the values of | 


the vis viva before impact. 


V and V’ after impact, we make Z=1, 
square each of the equations, and multi- 
ply both members of the first resulting 
equation by 4, and both members of 
the second by 4’, then add these equa- 
tions member to member, and reduce, 
we shall find this equation, 


MV*44M' V°=4MU +43 0"; 


which proves that in every supposable 
case of direct impact of two perfectly 
elastic bodies the total vis viva after im- 
pact would be equal to the total vis viva 
before impact. There would then be no 
heat remaining as the result of impact. 
In the second section it was found 
that when one body in motion strikes 
another body at rest there is more 
“ work” performed in reducing the ve- 
locity of the former than in imparting 
velocity to the latter; otherwise there 
would 4 no loss of vis viva by impact. 
This loss of vis viva was accounted for 
by the equivalent of heat developed. 
But the question then arises: If the total 
resultant pressure which. reduces the ve- 
locity of one body is continually equal 


to the total resultant pressure which in- | 
creases the velocity of the other body, | 
the two bodies being in contact, how can | 
there be more work performed in the one | 


case than in the other? The explana- 
tion, however, is not difficult. For we 
have seen that in all cases of impact the 
bodies are compressed; and this com- 
pression will bring the centers of gravity 
of the two bodies closer together at the 
moment of greatest compression than at 
the first instant of contact. If thena 


| body in motion strikes a body at rest, or 
‘moving more slowly in the same direc- 
tion, during the period from the instant 
| of contact to that of greatest compression, 
| the foremost as a mass, or its center of 
gravity, must move through a less dis- 
tance than the mass, or center of gravity, 
of the other. Therefore, since the result- 
-ant pressures which change the veloci- 
ties of the masses are constantly equal, 
but exerted through different distances, 
it isa necessary result that the quantities 
of work performed are different. If now 
the bodies are elastic, and the ratio of 
their masses within certain limits, during 
the second period of impact the case will 
be reversed and more work will be per- 
formed in imparting velocity to the fore- 
most body than in retarding the other, 
|since by the separation of their centers 
of gravity the mass of the former moves 
through a greater distance than that of 
| the latter. 

A consideration of the relative dis- 
tances passed through by the centers of 
gravity of the masses leads to a rather 
jnteresting result, as follows: 

Assume the conditions and notation 
adopted at the beginning of the third 
section, and we have the proportion 


M:M ::(X—U’'): (U-—YX), 
whence, 
M(U—-X)=M' (X-—U 
Multiplying both members by 
$(U+2X)(X+ UV’) 


). 





| we obtain 


3M(U*°—2X*)(X+ U’) 
=$M(X*—U")(U+X), 
whence the proportion 
'$M(U0?—2X*) -4M’X*— U0") 
£2 (U4+X): X+0’). 
The first term of this proportion rep- 
resents the number of units of work re- 
quired to reduce the velocity of WV from 
U to X, and the second term the work 
required to increase the velocity of J/ 
from U’ to X. Nowif we let D repre- 
sent the distance passed through by the 
center of gravity of the mass / while 
suffering the reduction of velocity from 
U to X, and D’ the distance passed 
through by the center of gravity of J” 
while having its velocity increased from 
U’ to X, then, since the work employed 
in producing these changes of velocity 
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is performed by resultant pressures con- 
stantly equal, the quantities of work will 
be to each other as the distances; thus 
giving the proportion 

4M U?—X") 2 $M (X*—U") 2: D:D. 
Combining this proportion with the last 
one obtained above, we have, 


D!: D::(O+X) 2 (X+T7); 

or, if T represents the time from the in- 
stant of contact to that of greatest com- 
pression, 

D:D ::$T(U+X) 2 37(X4+T7). 

Now 47(U0+X) is the distance 
through which the center of gravity of 
the mass MW would pass in the time 7; if 
its velocity were reduced with a perfectly 
uniform retardation, from U to X; and 
$7(X+ UV’) is the distance through which 
the center of gravity of MW’ would move 
in the time 7; if its acceleration from | 
Uv’ to X were also perfectly uniform. | 
The actual distances D and D” passed | 
through by the centers of gravity of the 
two bodies in the time 7’ are therefore | 
to each other in the same ratio as if the | 
center of gravity of the mass 7 were 








| 
| 


uniformly retarded and that of / uni- 
formly accelerated during the time 7. 


| 

Before concluding this discussion per- | 
haps a word or two further should be| 
said as to the product 44/V*, to which | 
the name vis viva has been given. Some | 
authors apply the expression vis viva to| 
the product MV’, or to twice the quanti- | 
ty of work which a moving body can} 
perform. Now we might of course, if. 
we chose, by common consent, give the 
name vis viva to the product MV"; but | 
if we consider the meaning of the name, | 
(living force), there would seem to be 
much better reason for applying it to 
4MV*, which is the actwal quantity of | 
work the body can perform by parting | 
with all its velocity. This application | 
of the name does not alter the fact that 
the vis viva varies as the mass into the| 
square of the velocity. Besides, we seem | 


| 
| 


to have the best authority of all, that of | 
the originator of the name, for adopting | 
this use of it. Professor Cooke, (Chem. | 
Phys., p. 53), states that the product) 
“1MV* was named by Leibnitz vis viva, | 


or living force ;” and the fitness of this | 


designation has been already sufficiently | 
shown. 


We may now take a brief review of 
the claims of momentum to be considered 
the quantity of motion of a moving body, 
and also of the true claims of vis viva. 
We have seen, first, that the unit of mo- 
mentum is simply a pound pressure, a 
unit which does not include the idea of 
motion; whereas the unit of vis viva is a 
pound pressure exerted through a dis- 
tance of one foot, a ynit which does in- 
clude the idea of motion. Secondly, we 
have seen that momentum is not an effect 
that a moving body necessarily produces, 
but is only a special result under arbitra- 
ry conditions, generally impossible to 
fulfill; whereas the vis viva represents a 
definite stored up energy which must be 
put forth under whatever circumstances 


\the motion of a body is destroyed. 


Also, if we would make a proper dis- 
tinction between the living force of a 
moving body, or the work it can perform, 
and the striking force, understanding by 
this the mean intensity of pressure the 
body would exert when brought to rest 
in any distance, the momentum would 
be merely one case of the striking force, 
found by dividing the vis viva, or $ MV’, 
by 3¥7, or the distance the body would 
move if brought to rest by a constant 
force in one second. Thirdly, we have 
seen in case of impact, that however 
great the change may be from ordinary 
motion to molecular motion, momentum 
is never diminished, and in many cases 
may be actually increased; and these 
conditions could not obtain if momentum 
in any way represented ordinary motion; 
whereas if the bodies are in the least de- 
gree inelastic, so that there is any change 
from ordinary motion to molecular mo- 
tion, vis viva is correspondingly dimin- 
ished, indicating its close connection 
with ordinary motion; and vis viva can 
only remain undiminished by impact 
when there is no permanent change from 
ordinary to molecular motion. Finally, 
we have seen that the attempt to consi- 
der momentum as a quantity of, motion 


|is unphilosophical, unnecessary and per- 


nicious, and leads to manifold absurdi- 
ties; whereas, vis viva, or 4 MV’, truly 
represents a moving body’s accumulated 
or potential energy for moving against 
resistance, or producing motion in other 
bodies by parting with velocity of its 
own. 
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ON THE PRIMING OF STEAM BOILERS.* 


By Mr. WILLIAM MAJOR. 


From “ The Engineer.” 


Ir is certainly humiliating for the pro- | from the boilers to the cylinders of the 
fession to be obliged to admit that one|engine are daily occurrences, and more 
hundred years after the introduction of | valuable steam engines are destroyed 
the steam engine they are still unable to|from this cause than from all other 
subdue an evil so generally experienced | causes put together. The author need 
as the priming of steam boilers; yet such | not enlarge further on the subject of 
is the case, as proved by the Serapis.| priming and its consequences, but will 
The first question to be solved is: What | observe that he feels assured of having 
is the cause of priming in a steam boiler ? | discovered a better theory for the cause 
and until this question is satisfactorily an-| of priming in steam boilers than is yet 
swered engineers will still go on devising | generally known. He has also found a 
mechanical contrivances for obviating it, ‘practical means of preventing the evil, 
and their efforts will end in as many sig- | and that too without putting shipowners 
nal failures as hitherto. If we ask a|to any expense, but on the contrary, 
practical engineer what the cause of since to stop priming is to save fuel. 
priming is, we generally have dirty water |The author does not propose any costly 
assigned as a reason, and a specific is given (or complicated machinery for the pur- 
for its prevention; or, what is more usu- | pose of preventing priming, not even a 
al since the more general introduction of | wooden deck placed in the boiler, as it 
high pressure steam boilers, some re-| was stated was adopted in the Serapis’ 
marks not very complimentary to the | boilers. As before stated, the cause of 
constructor of the boilers of which he | priming is said to be ebullition in the 
body of water contained in the boiler 
which he is unable to master. If we ask | caused by the heat acting on the water. 
the same question of a scientific man—a |The author is bold enough, to alter the 
professor of chemistry for example—he | word “ebullition ” into the more intelli- 
will answer that priming is ebullition | gible word “friction,” and he ventures 
caused by the action of heat on the body | to assert that priming in steam boilers 
of water contained in the boiler, but he | is—as nature’s simple law ought long ago 
is not quite certain as to whether this | to have taught us—caused by friction on 
so-called ebullition is a chemical or a me- | the outer surfaces of the steam globules 
chanical action. With this meagre in-|as they pass up through the overlaying 
formation the profession has had to con- | body of water into the steam chest, the 
tent itself, enduring at the same time all amount of such friction being always in 
the evils attendant thereon. | due ratio to the velocity at which they 

In the case of the Serapis we have a | pass through the body of water, and 
ship engined with a power sufticient to also depending upon the state of the 
propel her through the water with a*water as regards its purity. In other 
speed of 13 knots an hour, but that en- words, the friction is least when the 
gine power was so paralysed through | water is pure—distilled—while it is the 
the priming of the boilers that her speed greatest when the water is charged with 
was reduced to 9 knots. The case of the | all the organic and inorganic matter it can 
Serapis is by no means exceptional, the | hold in solution. The author is only now, 


may have charge and the priming of | 


same evil obtains in a greater or less de- 
gree on board every steamship afloat, 
and the introduction of high pressure 
steam together with the surface condens- 
er has very considerably increased the 
evil. Indeed, break-downs from large 
bodies of water passing with the steam 


* A Paper read before the Society of Engineers. 
Vout. XVIL—No. 3—16 


after four years practical experience on 
a large scale, publicly making the above 
assertion, and with the full conviction of 
its correctness. 

Having satisfied himself as to the 
feasibility of the friction theory, it oc- 
curred to him that we had mistaken the 





real effects or action of the old-fashioned 
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system of injecting melted tallow into 
boilers for stopping their priming. The 
reason generally given why tallow or 
other fatty matter stops priming is be- 
cause it spreads itself over the surface of 
the water and quiets it. The author, 
however, does not believe this is the 
case, since whenever there is a pressure 
of steam in a boiler, any fatty matter in- 
jected into it immediately diffuses itself 
throughout the whole contents of the 
boiler, both water and steam. That 
this is the case can be proved by simply 


drawing a glass of water from any part. 
or height of a boiler charged with tal-| 


low or by condensing a portion of the 
steam. Both the taste and smell of tal- 
low will be found in both cases. The 
author believes that fatty matter stops 
priming by lubricating the globules of 
steam as they pass through the overlay- 
ing body of water, reducing the friction 
on their surfaces, and, as a natural con- 
sequence, causing them to carry less 
water with them into the steam chest. 
So long as we continue to supply a boiler 
with a sufficiént quantity of fatty mat- 
ter, priming will not take place. But it 
so happens that we cannot use the quan- 
tity of tallow, nor indeed of any other 
ordinary fatty matter necessary for the 
purpose, wifhout producing other evils 
which it is difficult, or even impossible, 
to contend with, at the same time the 
expense of their use would be greater 
than most shipowners would like to bear. 
Tallow contains so much insoluble mat- 
ter, that if used in the required quantity 
it would soon choke the boiler up, while 
both animal and vegetable oils contain 
so much gummy or resinous matter they 


would soon cause evil effects on the in- | 


terior of boilers if large quantities were 
used. Of all the patent compositions 
the author has seen or heard of, he has 
found none that will answer the purpose 
—at any rate neither for marine nor for 
locomotive purposes, simply because the 
chief cause of priming—impurities in the 
water—is never absent. 


proper lubricating matter to prevent the 
baneful action of these impurities on the 
globules of steam as they are generated. 
For marine boilers in particular, too 
great a stress cannot possibly be laid on 
the simple fact that the cause of priming 
is never absent so long as the boiler is in 


‘several months in 
Therefore what | 
is required is a constant supply of the 


use, or supplying the engine with steam, 
because the water pumped into the boil- 
ers always contains either organic or in- 
organic matter. And this is the case 
whether the engines are or are not fitted 
with surface condensers. If the engine 
is fitted with surface condensers, priming 
will in most cases be more severe than 
with the injection condenser, because the 
action of heat on the metal plates of the 
boiler is more intense where there is lit- 
tle or no lime on the plates, as with a 
boiler fed from a surface condenser, than 
from an injection condenser, where the 
water is constantly being changed, 
leaving all its organic and inorganic 
contents, with the exception of common 
salt, in the boiler. Consequently a con- 
stant supply of fatty matter is absolutely 
necessary to counteract the friction 
caused by these impurities. 

The author has tried .all the oils in 
common use, together with most of the 
patent compositions, for the purpose of 


| preventing priming. He has always suc- 
ceeded in the object sought, but has 


found them all impracticable when used 
in large quantities, or constantly sup- 
plied to a boiler. The only exception to 
this rule has been the application of pe- 
troleum. The purest rectified petroleum 
has not only prevented all priming, but 
has prevented corrosion and removed in- 
crustations arising both from organic 
and inorganic impurities, and from oxi- 
dation of metals as regards the interior 
of the boilers, as well as of the engines 
themselves. It would, indeed, appear 
that by using sufficient petroleum to 
lubricate the steam globules as they are 


generated, the preservation of the steam 


boiler and engine is insured so far as 
their interiors are concerned. The author 
has not found that petroleum, pumped 
into the boilers with the feed-water, has 
had any injurious effect on india-rubber 
valves in or about the air pumps, though 
he has used it in large quantities for 
succession. In the 
feed pumps, however, where petroleum, 
nearly in its pure state, comes in direct 
contact with the valves, india-rubber 
cannot be used for them. The advanta- 
ges attained by the use of sufficient pe- 
troleum to prevent the priming of steam 
boilers have been found by the author to 
be: 

(1) The prevention of priming, or, in 


. 
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other words, preventing large bodies of 
water from passing over with the volume 
of steam from the boiler to the engine. 

(2) The prevention of the injurious 
effects produced by water passing with 
the steam into the cylinders of the en- 
gine. 

(3) A great reduction in the quantity 
of feed-water necessary to produce the 
required volume of steam, or, in other 
words, an augmented boiler steaming 
power in proportion to the smaller 
quantity of water required to produce 
the steam required, or a saving of fuel 
proportionate to the smaller quantity of 
water necessary for producing a given 
volume of steam, together with the re- 
duced power required for lifting water 
for condensing dry steam as against 
that necessary for the condensation of 
saturated steam. To these must be 
added the saving of the power absorbed 
in overcoming the resistance of water in 
the ends of the cylinders when working 
with saturated steam. 

(4) Augmented boiler steaming power 
when working with injection condenser, 
by the total absence of incrustation or 
corrosion. 

(5) Prevention of rust, corrosion on 
the interior of the engine, together with 
the advantage of keeping the interiors 
of surface condensers perfectly clean 
without any other help. 

(6) Its instantaneous action on any 
disturbance in the water in the boilers, 
which is one of its greatest advantages. 

(7) The increased durability of both 
boiler and engines. 

The disadvantage of using petroleum 
in an engine-room—for there is one dis- 
advantage—is that petroleum is a com- 
bustible article which requires care in 
use. It ignites at a lower temperature 
than common oils,- but with ordinary 
care, and keeping it out of contact with 
cotton or woolen stuffs the danger of its 
use in engine rooms is reduced to the 
same extent as that of its use in dwell- 
ings. It is, indeed, reduced to a far 
greater extent when it is stored ina fixed 
iron tank with- but one opening on top 
for filling and connecting a suction pipe 
to the feed-pump of the engine. The 
danger is then reduced to the bringing 
of it to the tank. Petroleum will not 
ignite or burn in a closed vessel; a bar 
of red hot iron inserted into a closed 





cistern full of petroleum will not ignite 
it, because there is not sufficient atmos- 
pheric air for combustion. The author 
knows of no other danger or disadvantage 
in its use, and when this one disadvantage 
is put against the many advantages, and 
when it is considered that its use pre- 
vents marine engines from becoming 
paralysed, as but too often is the case at 
most critical moments, no practical engi- 
neer will, it is thought, differ from the 
author in the opinion that it will be wise 
to promote its general use. 

In applying petroleum to boilers the 
author has constructed a combined valve 
and cock. This contrivance is screwed 
into the valve box of the feed pump be- 
tween the suction and delivery valves, 
the safety cistern containing the petro- 
leum, being placed in a convenient part 
of the engine-room. As the connection 
pipe is inserted through the top of the 
cistern, while no other cocks or connec- 
tions on cistern are allowed, no danger 
can ever arise from inadvertence on the 
part of the men in the engine-room. 
This valve and cock is all that is required 
in addition to what is generally found in 
well-constructed steam engines—namely, 
a cock on the suction pipe, or a screw on 
the top of the suction valve of the feed 
pump, one of these being required for 
regulating the flow of water to the pump 
necessary for generating the volume of 
steam required, and the prevention of 
waste of petroleum, since any overplus 
of water the pump takes, and which 
does not pass into the boiler, is returned 
through the safety valve on the pump. 
The author has in practice regulated the 
water flow to the pump, so as to approach 
as nearly as possible the consumption in 
the boilers, leaving the feed cocks full 
open. This has given two advantages: 
First, no petroleum was wasted; and, 
secondly, it has directly shown when the 
steam was taking an undue quantity of 
water with it. That it is in the boiler 
itself that priming must be prevented 
appears evident, and it is equally evident 
to the author that all the mechanical de- 
vices for the purpose of preventing it 
have, for the want of the proper knowl- 
edge of the cause of priming, signally 
failed. Some of these devices—the 
superheater, for example, which is still 
in general use—are very complicated, 
and consequently very expensive. 
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The valve and cock, applied to insure 
instantaneous action, must have the 


necessary dimensions in proportion to. 


heating surface in boilers it is intended to 
supply with petroleum. On starting the 
engines, or when forcing the fires, prim- 


ing is generally most violent, and at such | 


times the engineer’s immediate attention 
is necessary, and he will act wisely in 
giving his boilers a little petroleum pre- 
vious to forcing the fires. 
from Copenhagen to St. Petersburg and 
back, with his Danish Majesty’s steam 
yacht Slesvig, last summer, nearly 144 
hours’ steaming, the author consumed 
nearly forty gallons of petroleum, and 
this gave a gain of twenty-five tons of 
coal, as compared with what the same 
boilers and engines had previously con- 
sumed on the same journey in about an 
equal number of hours, namely 150 in- 
stead of 175 tons of coal. The ship, 
however, was drawing 2 inches more 
water last year than formerly, which in- 
creased her immersed midship section 
from 219 to 224.7 square feet, or 43 
square feet nearly. There was, besides, 
the disadvantage of being in company 


with a screw frigate, whose sailing pow- 
ers far exceed in speed the Slesvig’s 
steaming powers, so that the author was 
constantly either forcing or easing the 
engines to keep in position with the 
frigate, which caused a considerable 


waste of fuel. The Slesvig has a pair of 


Robert Napier’s old-fashioned side-lever | 


engines with open condensers, and of 
240 nominal horse-power, but which the 
author is now enabled to work up to 620 
indicated horse-power. With the same 
draught of water as now, about 9 feet 4 
inches, her speed formerly never exceed- 


On a voyage | 
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and they are now as clean as when they 
left the boiler maker’s hands ten years 
ago. Petroleum dissolves both the lime 
incrustations and prevents rust corrosions 
when under steam pressure, while all the 
dissolved muddy matter can be blown 
out from the bottom of the boiler with 
the ordinary blow-off cock; the boiler 
requiring no other cleaning out, and 
consequently there are no stoppages for 
this purpose. It may be interesting if, 
before concluding his paper, the author 
places on record a circumstance which 
came under his observation last year re- 
specting marine boilers in connection 
with surface condensers. and the use of 
mineral oils. 

When the surface condenser was intro- 
duced in connection with marine engines 
one of the advantages expected to be de- 
rived from it was the freeing boilers 
from incrustation, and thus increasing 
the evaporating powers of the boilers; 
the danger of collapse arising from over- 
heated fire-box plates was to be removed. 
The surface condenser was intended to 
return to the boiler the water taken 
therefrom in the form of steam, and as 
this water could contain no organic or 
inorganic or earthy particles, it was very 
natural to suppose that no incrustation 
could be formed in boilers supplied with 
them. But one of the first discoveries 
made after the introduction of the sur- 
face condenser was that the boilers sup- 
plied from it corroded them to an alarm- 
ing extent, so that in many instances 
such boilers were entirely destroyed after 
only two years’ service. This circum- 
stance prevented their coming into gen- 
eral use until about twelve or fourteen 


‘years ago, when it was discovered that 
ed ten and a-quarter knots, and this | the corrosive action was caused by me- 
speed was with difficulty maintained for | tallic particles taken from the interior of 
any length of time, for the want of suffi- | the engine by the steam on its passage 


cient steam. Since the application of | 


through it, and carried into the boiler, 


petroleum to the boilers, however, the where they produced a galvanic action 


speed has been increased to eleven knots, 
and this without any increase in: the 
consumption of coal. The steaming 
power of the boilers has been increased 
so much that there is now more steam 
than the engines consume, while the en- 
gines themselves are working with less 
noise than formerly. 

The author succeeded last summer in 
removing all corrosion and incrustation 


from the interior of the Slesvig’s boilers, | oxidation. 





which oxidized the plates of the boiler. 
About the same time it was also discov- 
ered that sea-water contained the best 
non-conducting agent for preventing a 
galvanic action in the interior of the 
boilers, namely, its organic and inorganic 
contents. In fact, the same matters 
which had hitherto caused incrustation 
were now found necessary, in smaller 
quantities, to protect the boilers against 
This protection is afforded 





ON THE PRIMING OF STEAM BOILERS. 


245 





by changing the water in the boiler| 


occasionally with water direct from the 
sea, which leaves a coating of its organic 
and inorganic contents on the interior 
surfaces of the boiler, and thereby in- 
sures safety from galvanic action, and 
permits the general use of the surface 
condenser with marine engines. We 
have, however, for several years past 
heard of the collapsing of fire-box plates 
where they have been in connection with 
surface condensers, and the opinion in- 
variably given as to the cause of these 
accidents has been that there was either 
a want of strength in the construction to 
assist the steam pressure, or that there 
had been carelessness on the part of the 
attendants in not supplying the boiler 
with sufficient water. This, however, is 
a great mistake, as there are other causes 
equally as active in causing fire-box 
plates to collapse as those just named. 
One special cause came under the author’s 
observation. About midsummer last 
ear the screw steamship Conatio, of 
lensborg, on her way from Cronstadt 
to an English port, was towed into 
Copenhagen harbor in a disabled state. 
The four fire-boxes of the boiler had col- 
lapsed. They appeared to have all given 
way at about the same time. The fire- 
man, on opening the fire-doors, saw the 
crowns of the fire-boxes sinking, and the 
engineer immediately opened the smoke- 
box doors, and took other precautions 
for reducing the steam pressure, and 
thereby in all probability saved his own 
life and the lives of the rest of the en- 
gine-room crew. Upon reaching the 
port the boilers were examined. ‘There 
was plenty of water in them, and every- 
thing else appeared to be in perfect 
order; yet, on emptying the boiler, the 
injured crown plates of all four fire- 
boxes afforded clear evidence of over- 
heating—in fact, they had been red-hot, 
and this notwithstanding that there had 
been plenty of water in the boiler, and 
that there was but a trifling deposit. 
The only reasonable conjecture as to the 
cause of the accident was that on the 
collapsed plates was found a thin layer 
of ordinary boiler incrustation, not more 
than a twelfth of an inch thick, mixed 
with a dark substance, which proved on 
examination to be the insoluble residue 
of a mineral oil, which had been used 
for the purpose of lubricating the interior 


of the engines. The lubricator used was 
fixed on the side jacket of the high-press- 
ure cylinder, and from thence the oil 
passed through the surface condenser to 
the boiler. This insoluble matter then 
mixed with the slight incrustation, and 
which, thin as it was, had been sufficient 
to make a perfectly impervious coating, 
which had prevented the contact of the 
water with the iron plates. Hence the 
overheating and collapsing of the crowns 
of the fire-boxes. 

In the month of September last the 
author was requested by the Danish 
Board of Trade to survey and report 
upon the condition of a boiler on board 
a merchant steamship, the Bergen Huns 
of Copenhagen. This vessel came into 
port at Copenhagen with a boiler which 
had been disabled on the voyage from 
Norway to Stettin. Here was a similar 
vase to that of the Conatio, only perhaps 
a little more decisive as regards the cause 
of the accident. The Bergen Huns is 
fitted with compound engives supplied 
with steam from a cylindrical boiler 
having two cylindrical fire-boxes in it, 
one of which collapsed. The fire-box 
collapsed eight inches in towards its cen- 


ter over a length of four feet six inches 
from the back end, not, as might be sup- 
posed, along a line drawn perpendicularly 
through its center, but at an angle of 
forty-five deg. with it towards the side 


of the ship. In this case the engineer, 
seeing there was no want of water in 
the boiler, ordered the fire to be drawn 
out of the collapsed fire-box and pro- 
ceeded with the other fire on his voyage, 
and came in to Copenhagen some twenty 
hours afterwards. Such a piece of dan- 
gerous stupidity succeeded in his case, 
but has probably failed in too many 
others under such circumstances. 

On examining the interior of this 
boiler the author found that half of it— 
namely, that side on which the feed-cock 
was fixed—was coated with a substance 
resembling black varnish or coal tar, 
having a thickness of about three-six- 
teenths of an inch and being perfectly 
impervious to water. This deposit had 
the appearance of having been laid on 
with a brush, so equally was it spread, 
particularly over the fire-box. It was 
under this coating of impervious matter 
the fire-box plate had collapsed, while 
the other fire-box remained uninjured, 
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notwithstanding that it had a coat of 
ordinary boiler incrustation 4 inch thick. 
The incrustation on this side retained its 
ordinary grey color. On inquiring of 
the engineer from whence this black sub- 
stance came, he stated that it was pro- 
duced from the oil used to lubricate the 
slide valves with. He observed that he 
was obliged to use a great deal of the 
oil to keep the valves from making a 
noise and cutting their faces. The oil 
used for this purpose was a half crude 
mineral oil, which still retained so much 
of its original earthy bituminous con- 
stituents, that the latter, combining 
together with the organic and inorganic 
matter contained in the boiler, made a 
perfectly impervious cement which had 
prevented the contact of the water and 
iron, and being a bad conductor of heat, 
caused the iron to be over-heated, and 
thereby weakened, the steam pressure 
causing the collapse. The author laid a 
piece of this compound on a piece of iron 
heated to a little over red heat, which 
had, however, produced no further effect 
than the burning of a little of the bitu- 
minous matter out of it. The collapsed 
plate bore evidence of having been over- 
heated, and it was only owing to the 
superior quality of the iron, of which the 
fire-boxes here as well as in the case of 
the Conatio were constructed, that a 
most serious loss of life had not taken 
place. 

The reason why only one half of the 
boiler was coated with the bituminous 
matter, the author attributes to the cir- 
cumstance that the injured side of the 
boiler had on it the feed-cock, and that 
as the oil, passing through the latter, 
came first in contact with the incrusta- 
tion on that half, it was absorbed before 
it could reach the other side of the boiler. 
The uninjured fire-box, however, was 
coated with an incrustation } inch thick 
over the whole of it. Now this thickness 
of incrustation ought never to be found 
in a boiler which is in connection with a 
surface condenser, and the fact of its be- 
ing there clearly afforded evidence of the 
engineer’s ignorance both of the use of 
the surface condenser and of the mean- 
ing of a trifling incrustation to preserve 
his boiler from galvanic action and oxida- 
tion. But, as seen in the case of the 
Conatio, the danger is not dependent 
alone upon the thickness of the coating 


| 








of incrustation, but chiefly on its porosity. 
Let the incrustation be never so thin, a 
bituminous substance is added to it, 
which binds it together so that it be- 
comes elastic and impervious to water; 
the iron plate will overheat and collapse 
under pressure. Hence, wherever oils 
containing bituminous matter are allowed 


| to pass into a boiler, it is only a question 
|of time as to when the incrustation be- 


comes impervious, and the fire-box ynder 
it collapses. 

The author was much surprised that 
the uninjured fire-box in the Bergen 
Huns boiler had not collapsed also, more 
particularly as the incrustation on it was 
spread very evenly and closely. In 
boilers working in connection with open 
injector condensers, incrustation attains 
a considerable thickness in places where 
it cannot easily fall off. But on a cylin- 
drical fire-box it would undoubtedly 
never have laid so compactly as was the 
case here; it would have been broken 
and in uneven patches. It appeared 
evident that some of the oil had also 
reached the uninjured side of the boiler, 
and had acted on the incrustation there. 
The author, therefore, would recommend 
precautions being taken so as not to 
allow these oils to enter steam boilers. 
There is no necessity for their use at all; 
a little pure rectified petroleum pumped 
with the feed-water into the boiler will 
prevent such accidents as the collapsing 
of fire-boxes. It will be sufticient to 
lubricate the internal parts of the engines, 
and, at the same time, will keep the sur- 
face condensers perfectly clean. 

Looking at the foregoing facts, the 
author thinks it will not be difficult to 
account for the disappearance of many 
missing steamships. At any rate, a 
careful investigation into the cause of 
this class of accidents is a matter of the 
greatest importance, and the author 
hopes the remarks he has made may have 
the effect of drawing attention to the 
subject. 

——- ope 


CaLirorNIAN IRonstone.—An effort 
is now being made by a number of enter- 
prising American gentlemen to open up 
vast deposits of ironstone, which are 
said to exist a few miles above Auburn, 
on the line of the Central Pacific Rail- 
road, 
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By ALFRED P. BOLLER, C. E. 


Commencement Address to Graduating Class of ‘77 at Rensselaer Polytechnic Institute. 


ONCE more, in the sequence of events, 
the season of the year has arrived when 
the higher educational institutions 
throughout the land are all aglow with 
the excitement of “commencement day,” 
while fathers and mothers await the 
hour, with proud satisfaction, when the 
coveted parchment, certifying to all 
manner of learning, will have been for- 
mally bestowed upon their representa- 
tives in the rising generation. Thence- 
forth, the diploma becomes a family 
heirloom, to be carefully stowed away in 
its japanned tin case among the family 
archives, or perchance hung upon the 
wall of the family sitting-room in a 
handsome frame, a daily reminder of 
what “our boy” has accomplished. 


Amid all the changes that have taken 
place in our educational systems, the 
practice of a public introduction to the 
world, of the completed product of such 
schools as confer degrees, is one that 


even the most radical iconoclast has not 
attacked. The commencement season is 
no meaningless formality, but an import- 
ant epoch in the life of each generation 
as it passes along. It is at once the 
beginning and ending of a never-to-be- 
forgotten period of one’s life. From the 
controlling influence of home and the in- 
structor, the young man steps at this 
season into the arena of worldly strife, 
and thenceforth must bear the responsi- 
bilities of his own actions. Further than 
this, every graduating class adds just so 
many units to the world’s educated in- 
tellectual forces, out of the clashing of 
which are evolved those ideas upon 
which the progress of humanity depends. 
Commencement day is therefore not 
alone a time of public congratulation for 
the honorable completion of a task, but 
a solemn occasion to signal the entering 
upon a new life of a class of young men, 
to whom is given a very important part 
to play in their country’s development. 
As such it will always have an interest 
for society, the members of which will 
gather on all commencement occasions, 
year after year, as they have always 
done, not only paying a cheerful tribute 


to intellectual success, but also warmed 
up by that great under current of human 
sympathy, that makes life worth the 
living. Like the wedding day, com- 
mencement day will never lose its inter- 
est for society, but will stand as long as 
the school and college form the basis of 
our social well being. The laudable 
ambition to excel in educational advant- 
ages, has in recent years taken a firm 
hold of the American people, and count- 
less schools and colleges have been 
established all over the Union. While 
some are the outgrowth of a pardonable 
vanity on the part of a wealthy donor, 
ambitious to perpetuate his name in a 
community out of which he sprung, the 
greater portion have been created in re- 
sponse to a demand for knowledge 
among the masses, impelled as it were 
by the exactions of increasing culture. 
Taking them altogether, they are evi- 
dence of a nation’s effort toward intellec- 
tual advancement, and are a standing 
rebuke to those pessimists who love to 
dwell mournfully on the “degeneracy of 
the times.” It is a matter for regret 
that so many of these newer colleges are 
weaklings, anticipating by years the 
capacity of the community in which they 
are situated to properly support. While 
giving every credit to the motives which 
founded them, they are costly evidences 
of the unwisdom, with which men of 
wealth, ambitious to serve the cause of 
education, often discharge their self- 
imposed stewardships. Had the same 
amount of wealth that has been scattered 
throughout the country in numberless 
higher class schools and colleges, that 
for years must have a very struggle for 
existence, been concentrated in well 
established educational centers, the bene- 
fit to the cause of sound learning, would 
necessarily have been very great, and it 
is to be hoped that future donors will 
add their benefactions to existing schools, 
rather than increase their number. The 
educational period through which we are 
passing, is in marked contrast to that 
which gave character to the generation 
now fading out of sight. This contrast 
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is sharply drawn, and it will be in har- 
mony with this evening’s celebration, to 
ask your attention to some of the leading 
features of the “new education”—what 
it has done for society, and what course 
its future development will probably 
take. In the first place it is to be re- 
marked, that educational systems are not 
determined by purely human inspiration, 
but rather the result of certain social 
conditions, forming the soil, as it were, 
out of which grows that system which it 
is best capable of nourishing. The 
“Novum Organum” could no more have 
been a product of a barbarous society, 
than the rose a product of the desert. 
In all social movements it is impossible 
to determine the exact line of demarca- 
tion between two radically different sys- 
tems, so imperceptibly does one merge 
into the other. Weknow when a change 
is complete, and we are struck by the 
contrast with that which it has displaced, 
but the ending of one, and the beginning 
of the other, cannot be defined. As in 
all things the new never displaces the 
old without a struggle, so the ideas of 


the new education have not won their | 


well nigh universal acceptance without 


vigorous opposition from the old regime 


of school men. It is the story over 
again in a different shape of the “ Revi- 
val of the Arts and Sciences” in the 
fifteenth century, when the supporters 
of the scholastic wisdom of the middle 
ages had to yield to the progressive 
culture of a newer school. That conten- 
tion history has handed down to us as 
the struggle between the obscurantists 
and the humanists, apt terms, tersely 
embodying the distinctive qualities of 
each. The obscurantists of our day, 
what few of them are left, are represent- 
ed by those who would base educational 
systems upon transmitted opinions, on 
metaphysics and the literature of by- 
gone ages. With such nature is held 
up to the test of authority, and in case 
of disagreement, so much the worse for 
nature. On the other hand our modern 
humanists rupudiate authority as such, 
regard society and civilization as a de- 
velopment, and test all ideas and asserted 
truths, in the crucible of natural law and 
order. While the germs of the new sys- 
tem can be traced back through centu- 
ries, in a fitful sort of a way, it was not 
until the close of the sixteenth century, 


when Francis Bacon, whom Pope pro- 
nounces the “wisest” and “best” of 
mankind, despite his moral infirmities, 
gave to the world a system of logic, at 
once so profound, complete and pene- 
trating that it marks an intellectual 
epoch, and formed the solid foundation 
of modern processes of reasoning. He 
expressed his disgust at the school meth- 
ods then in vogue in these words: “ They 
learn nothing at the universities but to 
believe. They are like a becalmed ship, 
they never move but by the wind of 
other men’s breath, and have no oars of 
their own to steer withal.” The whole 
key of Bacon’s teachings embodied in 
the idea that all learning, all knowledge 
should have but one object—“ the good 
of humanity.” He held that study in- 
stead of employing itself on wearisome 
and sterile speculations, should be en- 
gaged in mastering the secrets of nature 
and life, and applying them to human 
use. Instead of hypotheses, he called 
for facts, and he showed that the only 
road to truth was by proceeding from 





effect to cause, thus utterly reversing the 
‘customary methods of mental training 
‘and culture. It so happened that the 
jintellectual soil sueceeding Bacon’s time 
| was ripe for just such seed, which has 
| grown and expanded into a tree bearing 
‘fruit of abundant promise. The growth 
| was slow at first, but the dropping of its 
| blossoms from time to time rapidly rein- 
| vigorated the soil in which it had taken 
root, and to-day we see its overshadow- 
‘ing branches extending throughout all 
civilized nations. The tangible fruit of 
this “tree of knowledge” is science, the 
true meaning of which term it is import- 
}ant for us to bear inmind. As formerly 
used, it was applied to those branches of 
knowledge termed physical, and there 
are those even now who have no higher 
conception of its meaning. In the pres- 
}ent and developing order of things, it has 
}a much broader signification, and refers 
more to a certain method of investigation, 
than to specific subjects. Its scope em- 
braces all fields of human research that 
are capable of being brought under gen- 
eral laws, based upon observed facts. 
Science aims to bring “thought in har- 
mony with things,” and whatever sub- 
ject is traceable from effect to cause, by 
inductive processes, is a legitimate field 
for scientific investigation, be it religious, 
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social, political, or physical. The grow- 
ing demand, on the part of the intelligent 
masses, for popularized science is due to 
the recent appreciation of this very 
broadened view of the meaning of 
science. So long as science was confined 
to the investigations of certain branches 
of purely physical interest, and taught 
as was done at our universities a quarter 
of a century ago, popular interest in it 
was rather of a _ sentimental kind. 
Science, however, when applied to higher 
problems, such as life, politics or religion, 
comes home to the thinking individual 
with transcendent power, and creates in 


him a very craving to know to what) 


hitherto hidden Arcana, he is being con- 
ducted. 


system, is comparatively modern, and 
was the natural consequence of the dis- 
covery of the successful application of 
steam to practical uses, the opening era 


of the most stupendous advancement in | 


things material, intellectual and moral, 
that the world has ever seen. None 
other could exist in a soil so prepared, 


and, as a consequence, we have seen the | 


system based upon old university meth- 
ods of scholasticism and tradition gradu- 
ally fade away, until the bare bones are 


left, and even they are crumbling into | 


the dust of antiquity out of which they 
sprung. The scientific system of educa- 
tion, the “new education,” as it is some- 


times called, is unassailable, in that it is) 


a natural one, utterly untrammeled by 
reverence for the past, or devotion to a 
“school.” It seeks nature before the 
study, and inculcates the acceptance of 
all truth based upon the facts of nature, 
as the only sure foundation of a pro- 
gressive culture. It wars not with ideas, 
but with error, and is only intolerant of 
a refusal to accept truth regardless of 
consequences, 
of all kinds, and quickly pierces the shield 
of the charlatan. Jealousy, or a desire 
to restrict knowledge to a few, it is in- 
capable of fostering, but on the contrary 
is aggressively active in disseminating 
information among the masses, which in 
turn produces a reflex action in the 
elevation of character and morals. The 
new system is but the legitimate evolu- 
tion arising from social betterment, and 
none other than a “material age” could 
have supported its development. I am 


As applied to education, the | 
scientific method of investigation, as a/| 


It is impatient of shams | 


} 


/aware that this term “ material,” is often 
offensive to many well meaning people, 
| but it is nevertheless true that the whole 
‘history of society, shows that all intel- 
|lectual advancement is based upon cer- 
/tain material conditions. Food for the 
|stomach, clothes for the back, and a 
cover for the head, are the individual’s 
first needs. Due attainment of these in 
/a greater or less degree is necessary be- 
'fore the receptivity of the mind is such 
as to appreciate the idea that man is two 
sided, intellectual as well as animal. 
The intellect, like the body, grows by 
what it feeds on, and if this food of 
which it partakes, consists of an active 
participation in the affairs of commerce, 
of mines, or manufacture, it is not to be 
wondered that its legitimate craving be- 
comes a search after the facts and pheno- 
mena of nature, the proper appreciation 
of which is so essential to still higher 
social advancement. As civilization pro- 
gresses, the luxuries of one age, imper- 
‘ceptibly become the necessities of the 
next, and any given generation would 
deem it a hardship to be compelled to 
return to the practices of their fore- 
fathers. The railway, steamship and 


telegraph have made the whole world 
kin, and year by year draw the nations 
of the earth together, through a commu- 
nity of interest and an enlargement of 
sympathy. 

Before the age of steam, the experi- 


ences and observations of men, were 
limited to the narrow surroundings of 
their localities. Now the experiences of 
the world are brought to their feet, and 
they realize that so far from being inde- 
pendent factors in the guiding of events, 
they are so many units in the ocean of 
humanity, with a definite part to play in 
the scheme of development, and ot an 
importance just in proportion to their 
power and wealth, both intellectual and 
material. Glorify the present as we will, 
we must not despise the past. There 
are names in antiquity associated with 
such commanding genius, and almost 
divine prescience, that they will live so 
long as literature is studied or science 
cherished. Emerson says, the “ world 
1as always been equal to itself,” and 
take it at any part of its unquestioned 
history, it only has produced that which 
its inteYectual soil and material condition 
was capable of nourishing. In the high- 
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est sense, the greatest triumph of science 
has been the reflex action upon culture 
andgnorals, as evinced in the emancipa- 
tion of the minds of men from baneful 
superstitions, witchcraft, terrors of the 
untaught imagination, and a harmful 
reverence for tradition. Omens and 
auguries, long potent in influencing the 
actions of men, no longer hold sway, ex- | 
cept among the ignorant and unlettered. | 
Such mental fetters could not last under | 
a system that teaches men that truth | 
alone is worthy of study, to observe, 
nature and follow her teachings. It is, 
this contact with pure truth that elevates 
mankind, clears the head and purifies the 
heart. That broadens the sympathies 
until they take shape in efforts for the, 
eneral amelioration of mankind, and | 
inculeates the idea that the welfare of 
society is that of the individual. This) 
spirit of science, which is truth, through | 
self interest and sympathy, finds scope 
for expression in the building of hospi- 
tals, in the organizing of charities, in the 
improvement of laws, in the extension 
of the benefits of life insurance; in the 
elevation of the laborer, and in efforts 
towards adjusting his relations to his 
employer. The spirit of science is a 
great leveller of caste, teaches the equality 
of men before the law, and shows nations 
the conditions under which they can 
govern themselves without the interven- 
tion of kings. It has extended to woman 
control over her own property, and 
abolished slavery. The scientific spirit 
has taught people that disease is not a 
Providence, but neglect of the laws of 
health, only to be contended against by 
due observance thereof; that epidemics 
are preventible, and that rain will not 
fall without the necessary atmospheric 
conditions for its precipitation. Take all 
these reflex results of the new system 
of education, couple them with the direct 
physical pursuits of science, the improve- 
ment in the modes of living, of water 
supply, of drainage, the railway, the 
steamship and telegraph; and compare 
the result in their effect upon the one 
problem of life, “Human Happiness,” 
with the best that can be said of the old 
regime of scholastic education. It is the 
comparison between the electric light 
and a candle. 

What future developments sciepce has 
in store for us, it would be rash to fore-. 


cast with any attempt at details. We 
know that a vast amount remains to be 
done, so long as an ideal condition of 
society beckons us on. There is still an 
incalculable amount of want, and misery, 
and suffering, in the world; whole com- 
munities in ignorance, and many unad- 
justed questions between labor and capi- 
tal. What is known as social science is 
just beginning to take form, and a host 
of problems growing out of it are to be 
worked out. The great work of the 
new educational system in the future 
will be the training of men to grapple 
scientifically with these social problems 
in all their complex relations, political 
and physical, and to sow broadcast 
among the people the idea of causation. 
That things proceed not by chance, but 
by law, that out of nothing, nothing 
comes, that there can be no effect with- 
out a cause, and that the operations of 
nature are conducted according to a sys- 
tem instituted when matter was formed 
and force originated. In physical mat- 
ters, it is hardly probable that the world 
will ever see again such startling dis- 
coveries as those which have fallen to 
the lot of this century. The spirit of the 
“new education ” will extend its benefits, 
and in the end carry them to people yet 
to be civilized. It will send out more 
workers in physical fields than ever be- 
fore, but their work will consist in the 
development of details, and in the care- 
ful scrutiny of the by-paths that the 
past revolutionary discoveries, so to 
speak, have opened up. Of such work 
there will be an endless amount, indica- 
tions of which are seen in the number of 
investigators in special lines of research, 
which from past experience we may ex- 
pect will be sub-divided from time to 
time into still other special fields of study, 
as material accumulates. Civilized na- 
tions have insensibly adopted a system 
of divided labor, as a matter of economy 
partly, but principally because it has 
been forced upon them by the limitation 
of human powers. The system is not 
without its disadvantages, however, in 
that the specialist, devoted to one class 
of ideas, is apt to lose sight of the rela- 
tivity of all knowledge, and to elevate into 
a fictitious importance the study he may 
have in hand. Like the aged German 
professor who had but one regret upon 
his death bed, and that was that he had 
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not been spared a few years longer to 
complete his investigations of the Greek 
particle a, to the study of which he had 
devoted his life. The most far-reaching 
consequence of the general acceptance of 
the scientific method of investigation, 
and the latter day broadening of its 
scope, is its effect upon such speculative 
and practical questions regarding life, as 
have profoundly interested men from 
earliest times. It is pretty plain to most 
thinking men, that the idea of intellec- 
tual freedom is spreading among cultured 
nations, and with it a broad humanitarian 
view of men’s relations to each other. 
Under the light of science, old land- 
marks are being swept away with a 
remorseless hand, and doctrines and ideas 
that once seemed as unchangeable as 
the everlasting hills are being questioned 
with a penetrating earnestness. What 
were supposed to be historical facts are 
either discovered to be no facts at all, or 
must be so modified in their interpreta- 
tion, as to have an entirely new signifi- 
cance. Opinions are formed more slowly 
now than of old, just in proportion as 
the amount of evidence to be weighed is 
so much greater now than then. History 
must be re-reviewed in the light of 
modern discoveries, which have followed 
each other during the last quarter of a 
century, so thick and fast, as to task the 
intellectual strength of a generation to 
arrange and classify in their scientific 
bearings. There are more gifted men 
than ever before, more specialists in 
every realm of human thought, and more 
searchers after truth, who, in all parts of 
the world, are accumulating facts and 
data, on which the generalizations of 
future philosophers are to be based. So 
far as new discoveries and methods bear 
upon material matters, our only interest 
is one of present use. We take a new 
idea to-day, only to throw it off to-mor- 
row, for one better adapted to our needs, 
and so advance from day to day to 
greater prosperity and comfort. But 
when we come to estimate the effect of 
new ideas and discoveries upon specula- 
tive matters, and apply the modern 
scientific method of analysis by induction, 
we shrink from the iconoclasm thereby 
involved, and often deliberately shut our 
eyes with stubborn persistence, rather 
than contemplate for an instant the 
possibility of error in the cherished 


teachings of our youth, or in the convic- 
tions of mature age. This is perfectly 
human, is therefore natural, and should 
not involve the calling of hard names. 
Being natural, this tenacity in matters 
of opinion, or of convictions having all 
the force of truth, play an important 
part in the scheme of intellectual devel- 
opment, must be weighed as a factor 
thereof, and not treated simply as an 
obstinate superstitious phase of human 
nature to be banished by cynical sneers. 
Whatever may be the outcome of what 
may be termed an age of intellectual un- 
rest, through which we are travelling, 
one thing we can take calm contentment 
in, and that is in thé final exaltation of 
truth, which is the highest aim of science. 
That end may be a long way off, but so 
surely as all nature is subject to the law 
of development and change in some form 
so surely will some future generation 
attain the beatitude of perfect intellec- 
tual rest. If indeed we ourselves do not 
find it beyond the experiences of this 
life—the mysteries of which neither the 
chemist’s crucible nor the biologist’s 
microscope can solve. 

Gentlemen of the graduating class, as 


a practising member of your chosen pro- 
fession, I may be permitted to extend to 


you the welcome of fellowship. You 
have entered the profession of civil engi- 
neer at atime of peculiar depression in 
all matters pertaining to public works, 
railways and manufactures—and have 
added to the members of a profession 
full almost to overflowing. It must be 
admitted that purely professional prac- 
tice has not a very encouraging outlook 
to those whose afliliations are not such 
as to have positions provided for them. 
In times of great public disaster, such as 
have followed the commercial world for 
the last four years, the engineer is the 
one to first feel the blow, and the last 
to recover in returning prosperity. His 
office is one of disbursement, which ap- 
pears so directly on the expense side of 
the ledger, that it usually overshadows 
the indirect benefits with which it should 
be credited on the other side of the ac- 
count. He would be a rash man to 
prophesy a new era of such prosperity 
as we thought we had previous to °73. 
How far this prosperity will prove to 
have been real, it is difficult to say, until 
all the loose ends are picked up, and the 








252 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





balance sheet finally struck. Just at 
present, the civilized nations of the world 
are in possession of enormous productive 
capacities in all departments of manufac- 
tures, apparently far in excess of their 
respective markets. Transportation fa- 
cilities seem to have fully kept pace with 
the manufacturing developments, and 
their extension at thistime does not hold 
out a very enticing prospect to capital— 
at least in undertakings of any magni- 
tude. It is hopeless to expect a speedy 
rectification of the lost equilibrium be- 
tween supply and demand, or that it will 
be restored without further financial 
suffering. New maykets must be sought 
in undeveloped countries, and population 
must increase to a greater or less extent 
to utilize what the United States, 
England, France and Germany, are now 
capable of producing. Until the balance 
is restored, prices will rule low, competi- 
tion will be fierce, bankruptcies will be 
frequent, and capital will accumulate at 
financial centers in safe depositories, at 
low rates of interest. I must confess 


that the picture presented is not an en-’ 


couraging one for the rising generation, 
but an early acceptance of the situation 
is certainly philosophical, if not agreea- 
ble. My object in alluding to such mat- 
ters on this occasion, is to disabuse your 
minds of any ideas you may have formed 
of an early resumption of constructive 
activity in new works, which would give 
ample scope to your professional ambi- 
tion; and further, to indicate the direc- 
tion that I conceive to be the one where 
such an educational training as is given 
by the Rensselaer Institute will prove of 
value. LIallude to the region of econo- 
mies, the obtaining the most out of the 
least. In times of high prices, when 
prices are abnormally large, the idea of 
profit by saving is apt to be overlooked. 
On the other hand, when prices are low, 
the question of any profit at all, is a 
matter almost entirely of saving. The 
manufacturer, the merchant and _ trans- 
porter, are all asking themselves, mo, 
how large a price they can charge for 
the commodities in which they deal, or 
for services rendered, but what is the 
lowest possible price for which such 
commodities or services can be afforded. 
Such questions involve a multitude of 
details, and it is just here where scienti- 
fically trained men have a large field be- 


fore them. The economical organization 
of labor, the perfection of machines, the 
| prevention or utilization of former waste, 
the rectification of past constructive blun- 
ders—are all questions of legitimate 
scientific study, which invested interests 
are rapidly recognizing. The economics 
of transportation, the management of 
railways and canals, are subjects that 
will repay the profoundest study, and in 
these directions the field for a brilliant 
professional] reputation is most enticing. 
There are numberless vexed questions 
and unsolved problems in connection 
with transportation matters, that only 
scientific methods of thought, coupled 
with practical experience and observa- 
tion, can grapple with. Ex-President 
Grant, is credited with the remark, that 
certain public men had the misfortune to 
begin their career as Major-Generals. 
There is a world of wisdom in the re- 
mark, no matter what its source, or to 
whom it applies. It is, indeed, a mis- 
fortune to rise in the world more rapidly 
than one’s knowledge and experience 
warrant. Let me, as a matter of advice, 
caution you against the ambition of get- 
ting ahead too fast. All the schools in 
Christendom, cannot take the place of 
experience. They can at best, only pre- 


‘pare and furnish the mind, so as to make 


experience scientifically usable. It is, 
therefore, and in fact necessary, for a 
professional beginner to start low in the 
ranks, so that he may be familiar with 
the manner in which things are done, if 
he ever expects to take a high position 
in the command of men, and in the 
management of things. In other words, 
he must ‘now how things are done, 
before he can instruct others to do them. 
In conclusion, let me remind you, that 
you go forth under the standard of an 
Alma Mater that has made a record in 
almost every state in the Union—see to 
it, that in your lives and practice, you 
honor her, as she this evening honors 
you. 


—— -@ --- 


American War Marermi.—Eight 
steamer cargoes of arms and ammuni- 
tion have been shipped to Turkey from 
the United States. Five or six similar 
cargoes have gone by sailing vessels.— 
Engineering. 
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AN ACCOUNT OF AN EXCURSION ON THE MARNE RIVER, 
INCLUDING A DESCRIPTION OF DESFONTAINE’S 


DRUM 


WEIRS. 


By Pror. WILLIAM WATSON, late U. S. Commissioner. 


In the spring of 1874, while at Paris, , 


I made a number of excursions for the 
purpose of examining the admirable sys- 
tems of river improvements which had 
attracted so much attention at the 
Vienna Exhibition. Having expressed a 
desire to see their practical working on 
a large scale to an eminent hydraulic 
engineer, I received from him a few days 
after a note, stating that one of his com- 
rades, engineer of roads and bridges, 
stationed at Chateau Thierry, superin- 
tendent of a portion of the navigation 
of the Marne, intended to make a tour 
of inspection from Chateau Thierry to 
La Ferté. 

I have spoken to him, said he, of your 
wish to visit the movable dams of the 
Seine and Marne, and he desires me to 
say that, if you will join him on Tues- 
day, he will be most happy to show you 
the works under his direction. 

I accordingly left Paris in the evening, 
spent the night at Chateau Thierry, and 
early in the morning received a visit 
from M. J , who proved to be one of 


my classmates at the School of Roads | 


and Bridges in 1861; and to him I am 
indebted for the detailed explanations 
which enabled me to adequately appre- 
ciate this most remarkable system of in- 
land navigation. 

We embarked on a little steamboat, 
made entirely of steel, propelled by a small 
engine of five or six horse power, and 
soon arrived at the Azydam. This dam 
has a fall of 2.10, and may be thus 
described. It consists of: 

1° A submersible lock, 7™.80 wide, 

51™ long between the mitre sills, 
and placed on the bank used for 
towing. 

2° Of aravigable pass, with Chanoine’s 

system of falling gates. (To be 
described hereafter.) 

3° A drum weir. 


4° A pier, an abutment and other ac- | 


cessory works. 
Each navigable pass has an opening 


of twenty-five meters. It is provided 
with twenty gates, like those of the up- 
per Seine. Each gate has a width of 
i™,20 and a height of 3™. 

The height of the upper bay above the 
sill is 3™.31. 

The height of the lower bay above the 
sill 1™.21, 

The sill of each pass, placed at first 
0™.60 below low water, has been raised 
to 0™.53 by placing a cover 0™.07 thick 
upon the original sill, with a view of 
better protecting the gates when they 
are lowered. The space between two 
adjacent gates is 0™.05. When the 
gates are raised, their tops are 0™.05 be- 
low the normal level of the upper bay, 
thus permitting a slight overflow. 

On the up-stream side of the twenty 
gates of each pass, are placed twenty fer- 
mettes 2™.60 in height, which can be 
raised or lowered into a recess in the 
floor or platform. These fermettes have 
a triple object, viz.: 

ist. To support the lower story of a 
service bridge raised 2™ above low water, 
and upon which rolls a windlass to raise 
the gates. 

2d. To receive a second story 1™ in 
height, so that the floor may be raised 
0™.50 above the upper bay, and form a 
communication between the lock and the 
pier. 

3d. To serve as a support for the 
needles of a Poiree dam. This consists 
of a screen of wooden battens called 
needles, 4™.25 long and 0™.08 square; 
the distance between their points of 
support is 3".70; they form above the 
gates a second dam, and keep the water 
at its required height. In order not to 
strain unduly either the needles, or the 
gates, the force of the fall is equally di- 
vided between them. 

The division of the fermettes into two 
‘parts, one placed above the other, is 
doubly advantageous; in the first place 
the fermettes are shorter, and, in conse- 
‘quence, the necessary interval between 
the last fermette and the pier is less, as 
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is also the recess to be made in the lat- 
ter to receive the fermette; and finally, 
the first service bridge can be nearer the 
water surface, so that the gates’ chains 
can be pulled under an angle more favor- 
able for lifting them. 


DESCRIPTION OF DESFONTAINE’S SYSTEM 
OF DRUM WEIRS IN THE MARNE BAR- 
RAGES. 

Each weir forty-eight meters wide is 
composed of a fixed and movable por- 
tion.* 

The fixed part consists of a mass of 
béton, faced with masonry, poured be- 
tween two lines of sheet piles (Fig. 3), 
with an interval of 7™.50 between the 
lines. This mass rises to within 1™.05 of 
the upper bay level, or what is the same 
thing, to an average height of 1™.20 
above low water. This fixed part is sur- 
mounted by 33 movable Auusses or gates 
1™,50 wide, with their tops, when they are 
up, at 1™ above the permanent portion; 
that is to say, at 0™.05 below the level 
of the upper bay. These gates were 
designed by M. Desfontaine, and called 
by him /ausses d@ tambour, or drum 
gates. 


The object of M. Desfontaine was to) 


operate the dam by utilizing the power 
produced by the fall itself, so that the 
lockman should only have to direct this 
power inasimple and easy way. The 
solution is as complete as it is ingenious. 

The moving apparatus (Fig. 3) consists 
of a series of gates, independent of each 
other, and turning around a horizontal 
hinge a placed in the middle. The upper 
half, ad, is the Aausse or gate properly 
so-called; it is this which forms the up- 
per bay. The lower half, aed, called the 
counter hausse, has no other function 
than to carry along the Aausse in the 
movement impressed upon itself. It is 
inclosed in a quarter of a horizontal 
masonry cylinder of the same length, 
whose axis coincides with the hinge, and 
in which it can consequently make a 
quarter of a revolution. The limiting 
planes of this quarter of a cylinder, or 
drum, do not pass exactly through its 





* These dimensions are those of the Azy barrage 
which was personally examined. [ am indebted for 
much valuable information concerning the Marne bar- 
rages to MM. Lagrené and Saint Yves; also to M. Jozon, 
Engineer des Ponts et Chausseés, stationed at Chateau 
Thierry, for a visit to these barrages, for the opportuni- 
ties of seeing them in operation, as well as for numerous 
other courtesies. | 


axis. The horizontal one is slightly 
raised parallel to itself, and the vertical 
‘one has been similarly moved back, so 
as to leave the empty spaces 7 and / 
between the drum and the extreme posi- 
tions of the counter Aausse. 

The counter /ausse has also been 
slightly bent downward, in order to 
diminish the raising of the horizontal 
bounding surface, and thus prevent it 
from masking a part of the hausse. 
| Finally, the ends of the drum are 
‘elosed by two sheet iron partitions in 
which two rectangular openings, / and 4, 
have been made, corresponding to the 
empty spaces just mentioned. The suc- 
cessive drums with their Aausses are made 
in the body of the weir. They rest upon 
the béton contained in the inclosures, 
and are in close contact with each other. 

If we now consider the whole body of 
drums, we see that by their union below 
the crest of the weir, and along its whole 
length, they form a single tube, resting 
at one of its ends against the face of the 
pier, and at the other against the face 
of the abutment, and divided by the 
counter hausses into two longitudinal 
compartmeits. 

In each pier, itself just above and 
below the line of the drums, two verti- 
cal wells, V and W, are made, communi- 
cating with the upper and lower bays 
respectively by the culverts E and D. 
These two wells also communicate with 
each other, by means of two pipes M and 
N, built into the masonry and closed at 
each end by valves y and 2. 

These pipes fork in front of the open- 
ings 7 and &, and passing through the 
pier, one connects with /, and the other 
with ’. By the valves 2 and y on these 
two pipes the tube 7 may be put into 
communication with the upper bay, and 
k with the lower bay, or vice versa. 

Let us suppose the hawsse down, and 
2 actually put in communication with 
the upper bay while at the same time / 
connects with the lower bay; the differ- 
ence of pressure on the counter hawsse 
will cause it to take the position acd 
carrying with it the hausse ab. 

If, on the other hand, the tube / is put 
in communication with the upper bay, 
and 7 with the lower bay, the system is 
reversed, and the pressure forces the 
hausse to take the position b'ac’d’, that 
\is it lowers the hawsse. 





DRUM WEIRS ON THE MARNE RIVER. 








DESFONTAINE’S DRUM-BARRAGE. 































































































Fic. 1.—Plan of the Aausse and its drum. Fie. 2.—Elevation of the same. 


Fic. 3.—Transverse Section of the Waste Weir. 








EXPLANATION.—« is the axle; aefg the drum; @/a hausse, or gate; acd a counter-hausse ; 
bacd is the gate raised; b'a'c'd' is the gate lowered; *& and / are transverse canals ex- 
tending the whole width of the dam ; & communicates with the lower and / with the upper 
bay. or vice versa according as the gate is to be raised or lowered. This communication is 
made by aqueducts and sluice-gates placed in the piers and abutments of the dam. 


Fic. 4.—Transverse Section at a Pier. 


ExpLANATION.—V and W are vertical wells in the pier, communicating by culverts E and D 
with the upper and lower bays, and with each other by the pipes M and N. M and N 
connect by forked branches with / and & respectively; the pipes M and N are closed by 
the valves y and 2. These valves are attached to a balance beam TU and are moved up 
and down by asimple mechanism, viz., a crank H moving an endless screw §, 8 gear- 
ing into the pinion P, and P moving the rack R cut upon a small portion of the valve 
rod X U. B is an intercepting sluice. c¢ and c’ are coffer dams to be used in case of 
repairs. 
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The exact method by which these 
communications are made, is shown in 
Fig. 4. 

M and N are the two pipes con- 
necting virtually the upper and lower 


bays, the upper pipe M communicates 


with 7, and the lower, N communicates 
with &; neither of these pipes is con- 
tinuously open; they are closed by the 
valves z and y. When z is lowered and 
y raised, 7 communicates with the upper 
bay, and & with the lower bay, and vice 
ve’sa. As these valves should move 
together and always have opposite posi- 
tions, é.¢e.,when « is up y should be down, 
they are attached to a working beam 
TOU. 


its unity, and of the simplicity of its 
conception and its working, it is one of 
the most remarkable inventions that ever 
originated from the laborious investiga- 
tions of an engineer. 

[ Historical Note.-—We extract the fol- 
lowing from the notice which accom- 
panied the model of Desfontaine’s Drum 
| Weir, exhibited in the French Depart- 
‘ment of Public Works: “In Holland 
‘from time immemorial fan-gates have 
‘been employed to close the irrigation 
‘canals. The unequal breadth of this 
kind of gate renders it susceptible to the 
power generated by a moderate lift. . . 
Probably the idea passed from Holland 
to America, for about the year 1818 it 


The motion of the beam is effected by | was applied on the Lehigh river to gates 
means of a crank H, attached to an end- | with horizontal axes; it was described by 
less screw s, whose pinion p, works in a| M. Michel Chevalier in 1843, and advo- 
rack R cut upon the rod z w. ‘cated by M. Mary; the result of which 

A very small amount of force exerted| was its trial in France on the Marne 
on the handle H, is sufficient to open the by MM. Desfontaine and Fleur-Saint- 
whole dam; M. Jozon put the handle Denis. Although the work could not 
into my hand, and after making afew have been in more skillful hands, the 
revolutions with it I saw the gates begin | first expectations were not realized. But 
to move, and in less than five minutes | this attempt failed not to leave in the 
the whole dam 160 feet wide was opened, inventive mind of M. Desfontaine the 


and the water a its prostrate | germ of an idea which carefully consid- 


gates. By turning in the contrary | ered and diligently elaborated, has pro- 
direction, one after another of the gates | duced the present system; and it is with 
rose, as if by magic, against the force of | some pride that we return to the other 
the current, and in about three minutes! side of the Atlantic the American bar- 
all were up again, and quiet was entirely rage perfected under French auspices.” | 
restored. 

In conclusion, we may say in the words 
of M. Saint-Yves, that Desfontaine’s sys-| Tue Journal Officiel states that the 
tem of movable drum weirs is certainly | steam engines in France now give an ag- 
very ingenious and very satisfactory; it gregate of 1,500,000 indicated horse- 
is reduced to a movement of valves, con- | power, representing a force of 4,500,000 
nected together by a balance beam, | horses, or 31,000,000 men—that is to say, 
which work under a simple and easy im-| ten times the true industrial population; 
pulse, and to gates in one piece which | the industrialgpopulation of France now 
turn around a horizontal axle, without amounts to 8,400,000 inhabitants, wom- 
the complication of counterpoise, retain-|en, children, and old people included, 
ing chains, props or tallon bars. | among whom can be reckoned only 

The gates rise directly against the cur- | 3,200,000 active workers. The first en- 
rent, without the aid of detached or out- | gine which appeared in France came from 
side machinery. This remarkable result | Boulton & Watt’s works, at Birmingham, 


is obtained by the simplest means. The/in 1789, and was used for distributing 
force utilized is not that of man in- 
creased by mechanical intermediaries, it 
is the very force to be overcome that 
assists the engineer, and blindly obeying | 
the intelligent direction which is im- 
pressed upon it, contends against itself, 
and from the enemy it seems to be, be- 
comes a docile instrument. In view of 





water in the city of Paris. It was not 
till 1824 that large works for construc- 
tion of steam engines were begun. Some 
idea of the great comparative progress of 
the last 13 years may be had from the 
fact that in 1852 there were 6,000 fixed 
steam engines representing 45,000 H.P.; 
in 1863, 22,500, represexting 618,000 H.P. 
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ON THE STRENGTH OF COLUMNS. 


By E. HATZEL, Royal Architect, Bavaria. 
Translated from the German by THOS. H. JOHNSON, C. E. 


WHEN a prismatic body is pressed | 
together in the direction of its length, 
the complete resistance is only called 


in play when the pressure is uniformly | 


distributed over the cross-section. Such 
a uniform distribution of the pressure 
occurs only when the length does not 
much exceed the least dimension of the 
cross-section. 

On the other hand, when a prismatic 
body, whose length greatly exceeds its 
least transverse dimension, is compressed 
by a force acting parallel to its length, 
this force at the same time produces a 
lateral bending, and hence the body 


must resist compression and flexure at 
the same time, and is bent out on one 
side of the prism, 
Prismatic bodies 
compressive forces, 
follows: 
I. A short prism, whose length does 


subjected to such 
may be classified as 


not much exceed its least transverse 
dimension, and which is called upon to 
resist a uniform compression only. 

If. A prism of greater proportionate 
length, which is called upon to resist 
flexure also; but in which the whole 
cross-section is exposed to pressure only. 

III. A prism of so great length-ratio, 
that the flexure produces a strain of fer- 
sion in a portion of the cross-section. 

The resistance of a prismatic body 
depends chiefly on the’ strength of the 
material and area of the cross-section; 
but also on the ratio of length to least 
transverse dimension, and on the form 
of the cross-section; all of which factors 
must be included in any correct formula 
for the strength of such body. 

In establishing such a formula we 
should consider also the kind and condi- 
tion of the supporting body, and in 
what manner the load is distributed over 
its upper surface; in which connection 
it should be observed, that for a load un- 
equally distributed over the upper end 
surface, the resistance to compression 
and flexure must be made greater than 
for an uniformly distributed ‘load. It is, 
however, generally assumed that the 
supporting column is vertical, that the 
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load is uniformly distributed over the 
upper surface, and that the compressive 
force acts vertically downwards. 


§$ 1. When a short prism standing 
erect, is loaded with a uniform load, 
the pressure is uniformly distributed 
over the whole area of each cross-section. 
In consequence of this uniform compres- 
sion, the material of the prism undergoes 
a shortening of its height, and an en- 
largement of its section, in a horizontal 
direction. In this resultant change of 
form, the shortening of the material in 
its height is uniform throughout the 
Mass; but the horizontal enlargement i is 
dependent on the form of the cross-see- 
tion. Thus in a cylinder under a uniform 
compression, the enlargement is distrib- 
uted from the center of the circular 
section outwards, through uniformly 
concentric circles, and results in an uni- 
form enlargement in the direction of all 
the radii. In all other forms of cross 
section in which the diameters through 
the centers of gravity of the section are 
unequal, it is found that the increments 
in the lengths of the several diameters 
are inversely proportional to lengths of 
the diameters themselves. 

The resulting change of form may be 
readily observed, when we assume a 
strong pressure, and a short cylinder or 
prism of some material which is very 
elastic, and receives a considerable 
change of form from the pressure. 

In this change of form the upper and 
lower end surfaces sustain but very 
slight enlargement, because they are 
prevented from spreading by reason of 
the friction existing there. This enlarge- 
ment increases from the ends towards 
the middle of the height in such ratio as 
to produce a curved profile, and the 
original outline of the cylinder is changed 
to the form /,A,g/B/, (Fig. 1). 

In one and the same cross-section of a 
cylinder, the enlargement is wholly uni- 
form, and is of equal size in the direction 
of all radii, forming the new outline 
A’C’'B’D’, which is similar to the origi- 
nal section and concentric with it. 
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The resistance of a short cylinder to 
a uniform force is proportional to the 
cross-sectional area, and we have 

P=KA ° (1) 

in which P=the compressive force 
K=the resistance per sq. unit 

of section 

A=the area of the cross-section. 


§ 2. The resistance which the square 
cross-section efgh (Fig. 2), offers to ex- 

















pansion along the different transverse 
lines amb, emd, emg and jimh, is propor- 
tional to the lengths of those lines; and 
in the resulting enlargement, the shorter 
line amd sustains the greatest extension, 
aA+6B; and the diagonals emg and fmh 
sustain the least enlargement. In con- 
sequence of this the enlarged cross-sec- 
tion takes the form of a quadrilateral 
bounded by curved sides, convex out- 
ward. . 


Because of the unequal increments, 
the several cross-sections are made to 
differ, just as the lines of one and the 
|same cross-section become different; so 
that each of the four sides becomes a 
| warped surface. 
| When a square cross-section becomes 
‘extended to the limit of resistance of 
‘its shortest transverse line, a separation 
‘of its parts occurs on these lines, before 
‘the resistance in the direction of the 
| diagonals has been exhausted, and hence 
| the compression resistance of the whole 
|cross-section is not made available. 
| Therefore, the compression resistance K, 
|of the unit surface of the square cross- 
| section, will not be exactly the same as 
| for a circular section. 


: ‘ : os 
Let this breaking resistance K,= ; } S: 
l 


| 
| denote the moment of resistance of the 
prism by P,, and the side of the square 
We then have 


P,=K,A=(*K,)«? .. 2) 


by «. 


| 


When the cylinder and prism have 
| equal cross-sectional areas, their respect- 
jive resistances are limited to that which 
| their cross-sections oppose to enlarge- 
|ment and separation in the direction of 
itheir least transverse diameters, and 

which is proportional to the lengths of 
those lines. But when a circle and 
square have equal areas, the least trans- 
verse diameter=the side=v=0.8864 ¢. 

Substituting this in eq. (2) we have 
| for a square prism 

P,=0.s864 KA= "4 

’ 1.12 

LONG COLUMNS. 
| When a prismatic body, whose length 
is considerably greater than its least 
|transverse dimension, is compressed by 
'a force parallel to its length, then that 
force causes at the same time a shorten- 
ing of its length, and a lateral bending 
of the prism, and calls into play the re- 
| sistance of the material both to compres- 
| sion and to bending. 

When a prismatic body whose longi- 
tudinal axis AB, (Fig. 4) is originally 
| vertical and fastened at its base B, is sub- 
| jected to a vertical force, P, at its upper 
end A, it becomes bent to the line BFA. 
The amount of bending is, however, so 
little that the length of the curved line 
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AB, may be considered equal to its 


abscissa AC, 


B 


LZ 2 
[ZZ wdtdweiasiiidebelde 


Let 7 =AC=AB=the length of the bent 

line. | 

Jf=CB=the ordinate of the iower!) 
end b. 

a=—AE and Vy=EF=the ordinates | 
of a point F. 

d=radius of curvature at the point 
F. 

A=cross-sectional area of the pris-| 
matic body. 

d=diameter of its circular, or least 
side of its rectangular cross-sec- 
tion. 

I‘=moment of inertia of the cross-| 
section, when its whole surface 
is exposed to compression. 

I=moment of inertia of the cross- 
section when a part of its surface 
is In tension. 

E=modulus of elasticity of the ma- 
terial. 





K 

A=== 
E 
which the material can sustain per 
unit of length. 


greatest possible shortening 


The force P, acting vertically down- 
ward, exerts on each cross-section a 
compression which is equal to P, and 
has the same value for all cross-sections, 
and at the same time each cross-section 
is subjected to a bending force, of which 
the moment in reference to any chosen | 
point F is Py, and which calls into play | 
the bending elasticity of the cross-sec- | 
tion. 

For the condition of equilibrium be- 
tween the force P, and the compression 
and flexure produced by it, we have the 
following limiting equations. With ref-| 
erence to the uniform pressure on the | 
cross-section it is 

() 


P=KA ark, 


this shortening is produced. 
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And with reference to the bending alone, 


Py= Bis (4) 
P 

From (a) we have K=5 and from (4), 

K=“-Py, multiplying each of these ex- 


Iq 


pressions by ;~ we have 


E 
K P 
K” AE 
K d 
E WE 
< 

—— = J 
E 
admissible shortening per unit of length, 
and P and Py are the forces by which 
Now then, 
both forces act simultaneously, and the 
shortening resulting from both of them 
taken together cannot be greater than 


_ ae 
oe its limit, and the sum of these values 


as found in equations (¢) and (d) must 


Py 


Again, we have , the greatest 


be supposed equal to = 


a > 


I d 
We have, therefore, == 


AE*TE 
tA 


Py. 
ay): 


Tw). © 


The latter formula applies to the lower 


from which KA=P (1 a° 


KA=P (1 + 


end b of the curve when y becomes =/. 


The ordinates y and 7 can be determ- 
ined from the co-ordinate equation of the 
line. This equation for an elastic line 
AB, Fig. 5, in which the direction of the 
force passes through both end points A 
and b, and the greatest lateral deflection 
CD= occurs at the middle of its heights 
is 


2=/ET, sin. ¥ (6) 
€ tf 4 


+a : . 
y= sin. (« ood i 
- V3: ly @ 
For the middle, D, of the height, 
where y=/ and z $/, we have 


er. x 
—-~= sin. . 
Ul V3 Ig 


© 


But f= 1, and therefore also = sin. 1; 
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and sin, 1=sin.$ 7. So we may put 


instead of the foregoing equation 


in. sin. (54/7) 
sin. 1=sin. {- es, 
2” Ela 


4a=3 W/o 


x 
from which Pap | Se 


or 


(¢) 


The ordinate 7 has thus been eliminat- 
ed, and the force P can be determined 
without knowing the bending distance /- 

The radius of curvature for any point 
of the elastic line is 
Ely P 
Py (7) 

For the point D, in the middle of the 
height, when y becomes=/, it is 
6a la = x 

Pf af 
EI, P 


é= 


(9) 


Po 
which may also be obtained by trans- 
position of eq. (e). 

A small part a, 4, c, 7, of a bent prism, 
Fig. 6, which in its unbent condition had 


or 


the sections ¢ and ed parallel, and the 
length ad=tc=1, in consequence of the 
bending is compressed together through 





the height ed, and is changed into the 
form ¢, e, a, b. 
Let 6=c M=radius of curvature. 
A=de=greatest admissible shorten- 
ing which the material can sus- 
tain in the length ad=1. 


In the triangles  Mcand d ce, we have 
the proportion d 
bM:be=ed:de ord:1=8:A 


from which o= Substituting this 


value for 6 in eq. (g) we have 
_ AP 
I= Fa ”) 


Substituting this value for fin eq. (5) 


we have 
we ( 
A= 1+ 


az» 
A F A ors A 
1+—,- .14+0.1013AP— 
7 I, Tq 
When a prismatic body sustains a con- 
siderable bending and a part of the 
cross-section is in tension, then we obtain 
for its resistance P, the same expressions 
as in (8) and (9), except that in this case 
we must use, instead of Iz (the moment 
of inertia of the whole cross-section) 
the, actual moment of inertia, I, of that 
part of the section which is in compres- 
sion. 
If, for instance, the bending of a prism, 
Fig. 7, is so large that one-half of the 


(8) 
(9) 


APA) 
cant 


K A 





P= 


cross-section, /¢7, is in tension, and the 
neutral axis passes through the center ¢, 
then we have, in this case, h cmed=}d, 
and we have then, instead of eqs. (6) and 
. ae: 
A £ dd 
Py=— and = = = Py. 
I=Ta g ~ 1A"? 
Again, in the triangles Me and dee 
(Fig. 7) we have the proportion 
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From which 


nal 


E and jf 


Substituting these values of 


in eqs. (5) and (9) we obtain 

a 

APA 

1+—;;- 

= 
If a prismatic body is subjected to a 
considerable bending, a part of its cross- 
section may be in tension; but such 
strain of tension is only possible when 
the result of the bending force is greater 
than that of the uniform pressure; that 
is to say, when in eqs. (9) and (10) the 


>i. 


(10) | 


/ + 


expression 7 °T 


For the force P, which produces ten- 
sion in the cross-section, we have 
ape KA 
Fran "= 

aD | 
a | 


From which it follows: 


(11) 


Ist. If in the foregoing equation the 


2 


: AA 
expression —; 

aI 
has a negative value, and the cross-sec- 
tion is, at no place, in tension. 


2d. If the expression b53 1, then 
aI 

is the tensile strain P,=0. 

the section is subjected to compression 

only, and the neutral axis passes through 

a point of the circumference; or is coin- 

cident with a side of the cross-section. 


3d. If this expression is greater than | 


1, then some part of the cross-section is 


is Jess than 1, then P, | 


In this case | 


| 
of the cross-section subjected to tension, 
| nearly as large as that part subjected to 
| compression; and in proportion as the 
|material offers equal resistance to both 
| forces will the neutral axis more nearly 
approach the center of gravity of the 
| Section. 
| 5th. A prism composed of horizontal 
layers, in which the pieces only rest upon 
each other, and are not united together, 
‘can only be loaded within the limit of 
PAA 1 
I<" 
jected to pressure beyond this limit, then 
there will be a part of the cross-section 
in tension, against which the joints of 
the cross-section can offer no resistance. 
A prism AB (Fig. 4) with its lower 
end fastened to the floor is bent in the 
same proportion as the upper half AD 
(Fig. 5). Hence the formulae, estab- 
lished in the preceding sections for (Fig. 
5), apply also to (Fig. 4) by making the 
length A B=/, (Fig. 4) equal to the half 


‘length A D=; (Fig. 5); or J=20. 


stituting this value for / in eqs. (8) and 
(9) we obtain 


{ 417A A 
1+ 


kK aa a 
£ eed 


| 1+ 0.40527,’ 


When such a prism is sub- 


Sub- 


P 


| F= =} (1+0.40520212) 


d 


(12) 


For equal lengths, therefore, that part 
of the area which resists flexure must be 
four times as great for (Fig. 4) as for 
(Fig. 5) 

Let abhg (Fig. 8) be a small portion 
of a bent prism, which is subjected to 


| 


in tension; but that part sustaining com- | 
pression is always greater than that part | 


sustaining tension. The position of the 
neutral axis depends on the proportion 
in which the value of this expression is 
greater than 1, which in turn depends on 


the “length ratio” 


: K 
shortening A= which the material 
can “sustain per unit of length, 


also on load per unit of surface.” 


and | 


PA 
4th. When the expression is very | 


ZT 


great in proportion to 1 then is that part | 


Z j 
? and the greatest 


' 


j 
| 
| 
| 
| 
| 
| 


compression and flexure; but exposed to 
compression only, over its entire section, 
/no part being in ‘tension. This portion 
which in its “original, unbent condition, 
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had parallel sections ab and cd, is short-| 


ened in height to the extent ch=de, by 


the uniform pressure P, and by the bend- | 


ing force, is compressed on one side to 
the extent eg. 


The shortening e/g, thus caused by) 
the bending moment, forms always a 


triangle; and the axis around which the 


unequal shortening occurs, always coin-| 


cides with the outer edge / of the see- 
tion; and hence for the condition that 
the entire cross-section shall be in com- 
pression, the moment of inertia, Ia, of the 


section must be computed with reference | 


to an axis tangential to the circumfer- 
ence, or coinciding with one side of the 
section. 


For the circular section AC BD (Fig. 
9) the moment of inertia must be com- | 


Fig. 9 
Z c 
| 
' 


Z D 
puted with reference to the axis ZA Z’, 


tangential to the circumference at the 
point A, and its value is 


2 d\2 
l= + (2) A+(5) A 


or 


or 


la=@A. (13) 
becomes 
aebbestS Sa) 
: 2 
A= 1-+ 0.3242 a(s) f 
KA 


Substituting this value in eq. (8) it 
a a? at 
and by reduction 
l 2 
1+0.3242 a() 
d 


P= 





And fora cylinder in the condition of 
Fig. 4 


re 268 A(~ ) 5 | 
KA | 


I 


a = (16) 


9 
1+1. 1.2068 (4) 


From these equations we may compute 
the resistance of a cylinder of known 
sectional area, or the required sectional 
area for a known force P, if we know 


|the modulus of resistance to compres- 


sion K, and the modulus of elasticity E, 
for the material; and we may then de- 
termine at once the maximum length- 


ratio 4. 
djs 
in compression only, and this gives the 
limit within which the formulae may be 
applied. 
For the hollow eylinder (Fig. 10) the 
Fig, 10 
J c 
; 1 an 
1... Bes 
, 8 EA 
aw 
! Z 
Z D 
moment of inertia with reference to the 
axis Z ha i 


in which the cross-section is 


A A 


2: : 
2 D 2 ) 
se “+it— t 
} 5 a + 9 ¢ 
=— _§ 2 2 1 2 » 
i,= is D A,—[+¢@ +4 D la (17) 
in which D=diameter of outer circle, 
d=diameter of inner circle, and A, and 
@ respectively the areas of the outer and 
inner circles. 
If we take, for example d=3? D, then 
the preceding equation becomes 
Tg = 0.1521 D?A, 

And the area A of the annular section is 
A=A,—a= 4 A, 
Substituting these values of Ig and A in 
equation (9), we have 

KA 


P=——__ 


1+ 0.2913 wy RS 
Ds 


or 


(18) 


In a prism of square section ABCD 
(Fig. 11) the moment of inertia with 
reference to the axis ZZ’, coinciding with 
the side AB of the section, is 

Ig = $A? A, 
in which h=the side of the square. 

Substituting this valne in eq. (9) and 

at the same time modifying it from eq. 
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D 
Fig. 11 


(3) for the uniform compression on a 
square section, it becomes 


a KA 


one (19) 
1.12+0 so39 44 la 
a za) 


When a square and circle have equal 
areas the side of the square a=0.8864d; 
and substituting this value in the preced- 
‘ing equation we have 


a." Sa 
f fie 
(a3 


(20) 


1.12+0.3857A 


therefore, under otherwise equal condi-. 


tions, the resistance of a cylinder column 
is greater than that of a square column 
of the same area, in the ratio of the di- 


visions in the preceding equations, which, 


is for compression as 0.886: 1, and for 
flexure as 0.84 : 1, 
APPLICATION OF RESULTS. 

Wrought Iron.—To apply the forego- 
ing formulae to columns of different 
materials, it is only necessary to know 
the values of K and E for the material, 

; K 
and from them the value of A=—. 

For wrought iron, as shown by experi- 
ment K=42,500 lbs., and E=28,200,000 
Ibs.; hence 

42,500 
A=-— z 


=0.0015. 
28,200,000 


Substituting this value in eq. (15) we 
have the expression for the brevking 
weight of a wrought iron cylinder, in the 
condition of Fig. 5 
a KA : 

1+ 0.000486 af 


(21) 


Se 
¢ 
,; moi 
In this eq. the expression 0.000486 iat 
a / 


=1 when /=45.4¢, and until the height 
reaches this limit the section will be in 
compression only. 


From the foregoing equation we find. 


that when /=45.4d the breaking load 
for a wrought iron cylinder is 
P=3K A, 

and when /=d, P=K A. Hence the 
strength of a cylinder of length /==45.4d 
is only one half that of a short cylinder 
of equal area; or the section of the first 
must be twice that of the second, to sus- 
tain an equal load. 

For a wrought iron cylinder in the 
condition of (Fig. 4) the limit of length 
,=4$1=22.7d within which no part of 
the section will be in tension. 

In practice only a portion K’ of the 
breaking load K .per unit of surface is 
used, because the structure must not be 
loaded to breaking. In this case we 
have the shortening per unit of height 
— and for the corre- 
sponding load from eq. (15) 


K’A 
Pe 
sie 0980s s Lj? * 
TT U.DSTS E df 


When the resistance of the material to 
flexure is taken at about the elastic limit, 
and K’=#2 K, we have 


A 9 
A= 
°o 


K’ 
Var less than 


(22) 


Ix 
E 

In compression, ordinarily one-fifth the 
breaking load is the largest allowed on 
iron structures. Using these values, the 
safe load on a wrought iron cylinder be- 
comes 


=0.0006 


p= 8500 A 





1+0.0001945 é , 
10,0001 945 sag 


In this eq. the expression 0.0001945 
1)? °.1¢ ° 
A; = 1 when /=72 d, and within this 


limit the section is in compression only, 
and no part in tension. 

If we use one-fifth the bending resist- 
ance as well as for the crushing resist- 
ance, A’=0.0003 and the limit of length 
becomes 7= 101.4 d, [or /’=50.7 d for the 
condition of Fig. 4] in which the section 
sustains compression only. 

Cast Iron.—The resistance of cast iron 
to compression is K = 106000 lbs. per 
square inch, and its modulus of elasticity 
E=14133000. Therefore, 

106000 


Az =0,0075 


~ 14133000 
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and eq. (15) becomes lin which 0.000544 4 


KA 


P= 
1+ 0.002431 





(24) 


d 
In this, the expression 0.002431 7 


when /=20.3 d [or /’=10.15 d] which is | 

the limit of length without tension. | 

If we use, as before, one-fifth the re-| 

sistance of the material in both respects, | 
we have 

21200 A 

P= 7 " (25) 


in which d 


1)2 
o.oo0ssea} >| =1 when /=45.45 d. 
¢ 





1+ 0.000486: 4 


The resistance of a hollow cylinder of | 
cast iron is as determined in equation 17. 
Taking, for example, the inner diameter 
: 4K 
=}D, and making === =0.00375, | 
equation 18 then becomes 

p— K’A 


(26), 


= 


1 +0.00100} D ( 


D 


30.28 D, within which limit the section’ 
is subjected to compression only, when 
the load P’ is not more than one half 
the breaking load. 


iw | 
In this eq. 0.00109 =1 when /= 


Wood.—For the resistance of a cylin- 
der of wood substituted in eqs. (15) and 
(16) the proper value of A, which is, for 
breaking, 

_K__ 7000 


== = ——— 0.005 | 
E — 1413000 os 


and the resistance of a wooden cylinder, 
therefore, becomes 
p’= KA 





1)2 
1+ 0.00162 st 


(27), 


| 
=1 when /=25 d. | 


: . Z 
in which 0.00162 1a 


K 
If we take A’=4 = = 0.001666, and 


+K,| 
| 


| 
. (28) 


the compression resistance at K’= 
the resistance then becomes 


pe 850 A 





7)2 
1+ 0.00054 15 t 
d 


neal 


‘point, m, of the section. 


2 
= 1 when/= 43d 


(Fig. 5) or ’=21.5d (Fig. 4). 

When the elastic modulus is taken at 
, and A=0.000833, we find /=60.8 d, or 
’=30.4d, as the limits within which 
the section is in compression only. 

When the length-ratio exceeds the 
designated limits, a portion of the sec- 
tion will be in tension, and the foregoing 
formulae are no longer applicable. 

When a cylinder, in consequence of 
greater length-ratio and load, is sub- 


| jected to so great a bending that a part 
|of the section is in tension, then will the 


neutral axis assume some position ZOZ’ 
(Fig. 12) intermediate between the point 


c 


1 D 

% Fig, 12 
A in the circumference, and the center 
When a cylin- 
der of a material of nearly equal tensile 
and compressive resistance, as wrought 
iron or wood, has a length very great in 
proportion to its diameter, and owing to 
excessive load, is very much bent, then 
will that part of the section which is in 
tension be nearly as great as that part in 
compression, and the neutral axis will 
therefore fall nearly or on the central 
axis CmD, of the section. When the 


neutral axis falls in the central axis of 
| the section, then is its moment of inertia 


I=, d*A, 

Substituting this value in equation (10) 
we have for the cylinder in the condi- 
tion of Fig. 5 

1)? 
ij 


P= 
from which we find the breaking load of 
a cylinder of wrought iron, for which 
A=0.0015 


P= 


KA 


—— (29) 
1+1.62A 


KA 





(30) 


T)2 
1 + 0.00243 1 x 
d 


This formula applies only to such a 


cylinder as has a very great length-ratio, 
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and is so much bent, that the neutral 
axis falls in the central axis of the sec- 
tion. For a less important bending in 
which the neutral axis ZZ’ (Fig. 12) lies 
between the points m and A, we get a 
different value for P, the breaking load. 
Thus, for example, when the neutral axis 
lies in the middle between A and m, and 
the distance Ao=o m=$r, then for this 
special case, the moment of inertia 
I=,;7A. Hence we have the expres. 


sion, 
1)2 

=0.001215; — 
I 51} 


only half as great asin the above eq. (30), 
and making P, correspondingly greater. 

Eqs. (21) and (30) give the limiting 
values of the resistance of a wrought 
iron cylinder. The strength of a cylin- 
der whose length is equal to, or less than | 
45.4 d, is found from eq. (21), the neutral | 
axis being tangential to the circumfer- 
ence; while eq. (30) applies only to the | 
extreme case in which the neutral axis | 
coincides with a diameter. For inter- | 
mediate positions of the neutral axis, the | 
resistance P, is greater than P, eq. (30), | 
and less than P eq. (21). The real value 
of P, in this case cannot be accurately 
determined, so long as the position of | 
the neutral axis is unknown. 

The breaking load of a very long | 
cylinder of wood, which sustains so great 
a bending that the neutral axis falls in 
the central axis of the section, is found 
from equation 29, by substituting the 
value of A=0.005, 


KA 


AP 


mr? 


A 





P= 
1 +0.0081 


Ty? (31) 
df 

Ordinarily, the strength of a cylinder 
of wrought iron cr of wood, as used in 
construction, can be determined from 
eqs. (23) and (28), sinee, in practice, 
> sell numbers would not ‘be allowed to | 
sustain so great a bending as that a por- | 
tion of the section would be in tension. 

When a long prism of square section | 
sustains so great a bending that the| 
neutral axis falls in the central axis of | 
the section, then there results in this 
case, under otherwise equal conditions, a 
greater resistance than in a cylinder, 

A cast iron cylinder or prism should 
be ‘allowed only so trifling a bending 
that the section would be in compression 





only, because of the comparatively feeble 
resistance of this material to tension. 

A cast iron cylinder of great length 
should therefore only be loaded to such 
an extent that the resulting bending 
shall produce no tension in the cross- 
section. 

Denote the compression resistance of 
the material by K, and the admissible 
portion of it by m,; we then have from 


eq. (15) 
\. t)? 
ds 


P, 
The section will be subjected to com- 
pression only, and not to tension, when, 
in the foregoing equation, 


- 2 
“4 =1 


0.3242 — - 

E ld 

its value 0.0075 we have 
jd 3 
(2 

Substituting this value for m in the 


above equation, and observing that under 
the assumed conditions 
Z a. 
la ) 


mk A 
1+0.3242 a 


. (32) 


aa 


K 
E 


putting for = 


m—=411.5 


mK , 


0.3242 
140.3 E 


| we then have 


d 
P= 205. v3 | \° 


33 
ray ( ) 
making the safety modulus K=1 the 


crushing strength; viz. + of 106,000 lbs. 
=21200 lbs., then 


7 2 
P=4,361,900 1“ t A 


Hence we have for cast iron cylinders 
of greater length-ratios than /=: 20.d, the 
followi ing values for the allowed load P,, 
in Ibs. per square inch. 

When /= then P,=10910 
P»r= 6967 
P,= 4848 J 
P= 3562 
P,= 2728 J 
Py= 2148 J 
P,a= 1738 

1215 4 
890 A 
678 A 
537 A 
438 A 


Rm « 


20d A 
25 d 
30d 
35d 

= 40d 
45 d 
50d 
= 60d 
70d 
80d 
90 d 
l=100d 
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Hodgkinson found from numerous ex- 
periments on cast iron columns, the fol- 
lowing mean values for the breaking load 
per square inch: 

For /= 30d P=24607 lbs. 
For /= 60d P= 7292 lbs. 
For 7=100d P= 3646 lbs. 

For these length-ratios the foregoing 
computed values amount to: 

4 the breaking load for /= 30d 
1 the breaking load for /= 60d 
4 the breaking load for /-=100 d 


The strength of a cast iron column, | 


whose length is greater than /=20 d, can 
therefore be determined with safety from 
the foregoing formulae. 

STONE COLUMNS. 

A free standing column or prism of 
stone or brick masonry cannot be fast- 
ened at its base as a standing support 
of wood or iron may be, but must hold 
its position chiefly through its weight 
and stability, because the cement used 
in the joints can only offer a slight re- 
sistance to tension. 

But when a column A B (Fig. 4) which 
can be moved horizontally at its upper 
end A, sustains so little bending that no 
part of its section is in tension, then will 
the vertical compressive force produce 
the same effect in a column with the 
lower end not fastened as in a column 
fastened to the floor. Within this limit, 
therefore, the resistance of. such a column 
can be computed from eq. (16). 

The bending condition (Fig. 5) in 
which the direction of the force passes 


through both end-points, can only oceur | 


in a stone column which is so strongly 
constructed, and so firmly united to other 
parts, that it cannot yield laterally at 
its upper end. But ordinarily, only the 
smaller columns in the interior of a build- 
ing are found so immovably fixed; while 
in a large, free standing column the up- 
perend cannot well be so strongly united 
to other parts of the building. We can, 
therefore, for security, assume that in all 
stone or brick columns, the bending is 
of the class shown by Fig. 4, and hence 
we must compute the strength or dimen- 
sions from eq. (17). 

For many varieties of stone the modu- 
lus (K) of resistance to crushing, is 
known from numerous experiments made 


with cube-shaped stones or short prisms. 

But this modulus (K) is not sufficient, 
in itself, to enable us to compute the 
bending resistance of a prism whose 
length is much greater than its least 
transverse dimension, because the modu- 
‘lus of elasticity (E) of the stone used, 
must also be known, but which hitherto 
has been determined for only a few kinds 
of stone. Besides, this modulus for the 
various kinds of stone shows such im- 
| portant variations, that no general value 
can be taken for it, as with iron and 
wood. 

For one variety, namely, a white, hard 
sandstone, according to experiment, the 
modulus of resistance to crushing K= 
5600 Ibs., and the modulus of elasticity 


| E=508800 lbs. 


From these values we find A=0.011, 
and hence eq. (16) becomes for the break- 
ing strength, 


ii KA 





(/ 
1 +0.01426) 4 


if 


, . ¢)? 
In this, the expression 0.01426 


y4 
(d) 
when /,=8.38d, within which limit the 
cross-section will be subjected to com- 
pression only. 

In practice, stone is not allowed to be 
loaded beyond ;j; to ;!; of its breaking 
strength. Taking the factor of safety 
as to flexure at 4, then A’=0.00366, and 
hence 


p__K’A 





} 2 
1+0.00475 a 


ae | be 


whence 0.00475 4 af =1 when /,=14.51d. 
td 


Taking the factor of safety as to flex- 
ure at 4 then A=0.00183, and the limit 
of length becomes /,=20.51 d. 

In practice, a stone column of greater 
length ratio than 7=15d or /=20.5 d is 
not used, and the latter ratio could not 
be used because it would not have the 
requisite stability. The resistance of a 
stone cylinder may, therefore, be com- 
puted from eq. (16). 


BRICK COLUMNS. 


I have made several experiments with 
brick pillars of various heights. These 
pillars had a square section of 4.7 inch 
on each side; and the bricks were united 
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with mortar joints 0.2 inch in thickness, 
composed of lime and sand with an ad- 
mixture of cement. 

From ten experiments with such pil- 
lars of various lengths, I obtained the 
following breaking loads: 


When 

(= 
“J= 6a .. K=517 to 455 6 
*, K=435 to 452 . i 
“J=13a .. K=346 » « 


From one experiment with a brick pil- 
lar of 13.64 ft. height, and 123 in. x 6,', 
in. section, in which the length-ratio was 
l=26a, the crushing resistance was found 
to be 95 lbs. per sq. in. 

This pillar was bound together at its 
upper end, and there secured against dis- 
placement. The bending of ‘the pillar 
must, therefore, follow the manner of 
Fig. 5, and the crushing and bending 
resistance of the column can be com- 
puted from eq. (10). Substituting in eq. 
(10) the value of the moment of inertia 
Ig = 4? A, which it has in a rectangular 
section in reference to one side, we then 
have 


“i= ta 


oe _K A _ . 


{ 2) 
1+ 0.3039 J Ma 


From the above cited experimental re- 
sults, it appears that a pillar whose 
length is about 114 times its breadth, 
will be crushed by one-half the load 
that a pillar whose height J=a would 
bear. Putting, now, = ne as the 


(36) 


limit at which 0.3039A \. “+ = 1, we 


then have Ax 0.3039 ‘eins 
A=0.0244. 


P= 


=1, whence 


KA 





(37) 


Hence 


1)? 

1+0.00744 Ag 
la} 

From which we find the breaking load 

of a brick pier of the following length- 


ratios, when the modulus of resistance 
K=700 lbs. per sq. in.: 
When 7= 38a . 
“ j= 
“ 7= 


The breaking load of a brick pier 


whose length / is greater than 12a, can, 


a .*. K=710 to 735 lbs. per sq. in. | 


not be determined from the foregoing 
equation, since, in that case, a part of 
the section will be in tension, and there- 
fore the moment of inertia will have a 
value different from that here taken. 
But when a brick pier is loaded with 


only one-fifth the breaking weight, then 


= Le 


= = 0.00488 
E 


E 
and eq. (36) then becomes 


Diiomacell 


: (72)? 
In which 0.001483 5 ft 
¢ / 


=1 when /=26« 

the limit of length, within which the sec- 
tion sustains compression only. 

When the upper end is free to move 

laterally, then the eq. becomes 

— KA 

fey? 

1+0.00593 < —? 

la \ 





(39) 


in which the limit is /=13a. 

Since a column or pillar of stone or 
brick masonry must sustain only 
small a bending that the whole cross-sec- 
tion is in a state of compression, and no 
part in tension, we may compute the 
greatest allowable load in the same man- 
ner as was done for cast iron in eq, (33). 

If m is the factor of safety, and K’ 
the safe resistance to crushing, then from 
eq. (36), the greatest allowable load 


m Kv’ A 
nk’ 4? 
KE la ; 


. =0.0244 
EE 


mIx’A 


sO 


Pe  - emanate 


1+0. 3039 — 
or since for brickwork 


P,= 1) 
1+0.0074 m ~ — - 
la) 
in which we will have compression only 
when 
(7 )2 
0.0074 mm ) _ { —— 
fa) 
5)“ ” 
pa) 
And since under the ‘ made 
‘ jz)? 
14+0.0074 m<—- 
la \ 


Hence m=13 


9 


then will 
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2 
P,=67.5 \5 K’A . (40) 
If we make K’=}, K=70 lbs. per sq. 
in., then will 7 
zt A. 


P,=47254 i 


From which we have computed the 
following table of greatest allowable 
load for brick piers whose length J is 
greater than 12a: 

When /=124 
l=14a 
l=:16 4 
i=184a 
l=20a 
l=25 a 
=30a 
l=35 4 
l=404 
l=504a 


Pr=33.07 A 
Py, 24.31 A 
P,=18.61 A 
P,=14.70A 
P,=11.91 A 
Pya= 7.63A 
Fax 530A 
ro S89 A 
P= 2.96A 
Pa= 191A 


5 


= 3 


When a brick pier is not confined at 
its upper end, but is free to move back 
and forth, then the greatest allowable 
load on such a pier, when 7 is greater 
than 6a is 


2 


- fel 
Pe=1192); A 


(41) 


from which we have obtained the follow- 
ing values: 


l= 6a 
l= 8a 
l=104a 
l=12 a 
l=1l5a 
1=204a 


l= a 


n= 0.475 K'A=33.25 A 
Pn=0.254 K'A=17.78 A 
P,x=0.168 K'A=11.76 A 
Pn=0.117 K’'A= 8.19 A 
Pn=0.075 K’A= 5.25 A 

n=0.042 K’A= 2.944 
Pn=0.027 K’'A= 1.89 A 


When 


The foregoing tables show that the 
resistance of a pier of masonry dimin- 
ishes rapidly with the increase of height 
in proportion to thickness, 








THE RELATIVE VALUE OF BLOWS AND PRESSURE. 


From “The Engineer.” 


A most interesting treatise on the 
above subject has been recently publish- 
ed by Professor Kick, of the Prague 
Polytechnic, with diagrams of the results 
of some careful experiments. The whole 
is too long for us to transcribe in extenso, 
but we give such extracts, translated 
from the orignal German, as will intro- 
duce and illustrate, as nearly as possible 
in his own words, the Professor’s theory 
and deductions. He mentions the numer- 
ous alterations of form in materials 


effected by a power acting either quietly | 
and constantly, or by means of blows, | 


calling special attention to the forging 
by means of hammers, in contrast with the 
Haswell press forge, to coining with the 
old stamp and fly press, instead of the 
Uhlhorn machine or hydraulic presses, 
to the fabrications of rod iron in the old 
forges, before the introduction of the 
modern rolling mills; and to the boring 
of stone with jumpers in contrast with 
the revolving diamond cutters of the 
present day. <A glance at the above ex- 
amples shows that the appliances, acting 


by means of blows, belong to an earlier 
age, and are undoubtedly more simple in 
construction than those whereby a quiet 
‘and suitably applied pressure executes 
the same, and ofttimes a better, work with 
‘advantage. It isnot too much to say that 
| the science of modern timesis striving to 
replace the mechanical power exerted by 
‘blows by one acting by pressure. The 
foregoing illustrations show that a me- 
'chanical power, acting by blows, can be 
advantageously replaced by one acting by 
pressure, and that the labor expended in 
shaping materials under a quiet pressure is 
less than that wasted in using blows. The 
word pressure is here intended to comprise 
tension, deflection, crushing, breaking, 
pushing or torsion. 

| The work of shaping, be it stretching, 
shortening, bending, tearing, breaking, 
| &c., amounts to bringing the smallest 
| particles of any body, or a certain por- 
|tion of them, into a different relative 
| position. Every movement of the small- 
jest particle, which by an alteration of 
form must alter its relative position, will 
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meet with a certain amount of latent re- 
sistance. Let us now suppose exactly 
the same alteration of form produced 
by a quiet pressure and by a blow, the 
latent resistances are overcome equally 
in both cases, therefore the amount of 
work done in each must also be equal, 
i.e., the mechanical effect produced by 
the apparatus acting by pressure must 
be equal to the percussion effect or vis 
viva required of the tool acting by blows 
in producing the like result. This ideal 
demand cannot, however, be fulfilled, 
because the blow must always produce 
condensation of the direct impinging 





and impacted surfaces, and vibrations 
which have nothing to do with the ac-| 
tual intended alteration of form, hence | 
considerable mechanical effect is wasted. 
If, for example, we dliow a weight to fall | 
on the center of a bar of iron ‘supported | 


at both ends, there will follow not only | without the use of blows 


a certain deflection of the bar, but also a| 
compression of the outside strata which | 
come into immediate contact with the| 
blow, and consequently an often very 
perceptible increase of heat. The mechanz- | 
cal equivalent for one unit of heat is 


well known to be 424 met. kilogrammes. | 


There results then by a comparatively | 
small increase of temperature a large) 


loss of effort, and, in consequence of de- 
pression caused by the blow, also a con-| 
siderable waste of percussive effect, in-| 
tended for the alteration of form. To) 
this must be added the almost unavoid- 
able vibration of the supports. We ad- 
mit that a blow fulfills an immense duty | 
when a rigid substance has to be divided. 


One might say that the splitting of a): 


block of stone in the usual way with 
wedges driven in with sledge hammers | 
requires a very small amount of effort 
compared with what would be necessary 
to break the block by means of a load 
acting by pressure. This admits of ex- 
planation. By splitting a block with 
wedges only those particles which lie in 
the line of rupture require to be affected 
to obtain a separation of the same, while 
the whole block remains unaltered ; 
whereas if a rupture be produced by) 
weight acting by pressure, it will not be 
confined to the line required alone to be 
affected, but wiJl be attended by expan- 
sions and contractions in every particle | 
of the stone, of which the greater part 
would be useless, if not detrimental. 


| out a blow? 


Redtenbacher’s “ Principles of Me- 
chanics” says: “The advantage, there- 
fore, of separating stone by wedges lies 
in this—that a certain vis viva acts only 
just on those portions which must be 
separated one from the other, whereas 
by crushing, the whole body is affected 
unnecessarily.” 

Professor Kick, without disputing this, 
says: “‘ The same effect can also be pro- 
duced without the application of blows, 
and instances the use, for the same pur- 
pose, of blocks of wood saturated with 
water, and freezing water, also the break- 
ing of glass by first heating and then 
plunging it into cold water; and then 
asks, “If an equal result be not obtained 
with less expense of labor, and still with- 
9” 

Quoting again from Redtenbacher :— 
“The driving of a pile into the earth 
is, 80 to say, a 
practical impossibility. If one were to 
try to press a pile into the ground in any 
way whatever, enormous preparations 
and precautions would be required— 
either one must place a weight on the 
pile which would nearly equal that of a 
house, or if one intended to effect the 
sinkage by a press, the press would re- 
quire first of all to be made as fast to the 


| ground as the pile itself would be when 


sunk; whence one must pre-suppose that 
that which is to be already exists.” 
Kick answers: “ Here too, for the sake 
of ‘useful effect of blows,’ the argument 
is carried a little too far.’ And pro- 
ceeds : Without mentioning that Screw- 


‘ing piles into the ground is both easy 


and advantageous, so much is certain, that 
the power of pressure necessary to sink 
them cannot be spoken of otherwise 
than exorbitant. Let‘us take the ex- 
ample of a house four stories high rest- 
ing on a single row of piles 3ft. apart, 
centre to centre, with the usual thickness 
of walls, according to the Building Act 


'of Bohemia, and we find that the load- 


ing of each pile equals about 25 tons. 
Certainly no one will maintain that a 
pressure of 25-tons is no longer to be ob- 
tained. If, for instance, a pile driving 
vessel or in driving land piles, a wagon 
be loaded with this weight, the necessary 
pressure can be brought into effect in 
either case. Even if a double or treble 
security be required, that is, that the 


| piles shall not sink any further under a 
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weight of 50 or 100 tons, the application 
of such a weight is not accompanied by 
insurmountable difficulties. 

In loose earth (sand) Captain Liernur, 
and later, others have obtained brilliant 


results by means of a thin pipe along the | 


pile from whose orifice, in the neighbor- 
hood of the toe, a thin but powerful 
stream of water issues, which clears 


‘away and presses upwards the fine sand, 


and so facilitates the sinkage of the pile. | 
Considered in this light, then, it appears | 
very questionable if the use of blows in| 


driving piles be attended with any ad- 
vantage. 


It certainly happens in the erection of | 


works that a heavy body is moved, or in 
other words brought into position, by 
blows, and on account of its simplicity 
will always here and there be used. In 
this case, however, the mechanic must be 
quite aware that a certain amount of 
work which should be employed in mov- 
ing, &e., is lost—ie., is converted into 
disintegration and heat, and that the lev- 
er windlasses are always more effective 
where they can be applied. As blows 
used in moving masses are attended bya 
waste of labor, on account of part of the 
efforts, accumulated in the substance in- 
flicting the blow, being lost in disinte- 


grating and heating, so when applied to, 


alteration of form they always suffer a 
diminution of effect by compression of 
the outside strata, and the conversion of 
work into heat to a much greater extent 
than yvhen a quiet and constant pressure 
is applied. 
fair comparison between the effect of 
blows and continuous pressure cannot be 
made, because the alteration of particles 
is quite different. 
true; nevertheless, in other and very 
numerous cases—e.g., the bending of 
axles, coining, &c.—we may ask with 
good reason what the quantity of effect 
is for the same amount of deflection, 
stamping, &c., when blows are used as 
the power or when pressure. For such 
cases we have stated that, generally 
speaking, the expenditure of effort for 
the same effect is less with the applica- 
tion than that of blows. In support of 
the above assertions the following series 
of experiments, taken partly from publi- 
cation, is given :— 

1) In a lecture on steel bronze, held 
on the 10th April, 1874, General Uchat- 


It may be asserted that a) 


In many cases this is | 


‘ius, the inventor of the new Austrian 
fieldpiece, published the results of his 
| trials of the tensile of cast iron for can- 
nons to blows and strains. The length 
of the rod was 75 millimetres; sectional 
area, 0.5 square centimetres; weight of 
'monkey, 1.15 kilogs. 


Met. kilos. 


Meters, effect, 


The rods tore asunder with 
0.72 Fall with 1 blow, producing 0.828 
06 “ & “ 1.430 
2.480 
4.140 
5.800 
11.490 
72.860 
213.380 
Consequently a breakage was effected 
with the least expenditure of effort, with 
a fall of 72 centimeter—namely, 0.828 
‘met. kilogs. It can be taken for granted 
that a fall somewhere between 0.63 
meter and 0.72 meter would have been 
sufficient, but as with a fall of 0.63 meter 
two blows were found necessary, the 
labor expended by each being 0.715 met. 
kilog., it may be more safely asserted 
that 0.828 met. kilog. is the minimum 
effect of a blow necessary to cause rup- 
ture. An alteration of form is therefore 
obtained by strokes or blows with so 
much. less expenditure of effort as the 
number and strength of the blows ap- 
| plied are fewer and stronger. 
| Let us now inquire what amount of 
labor is necessary to tear asunder the 
same materials by means of a continuous 
pressure or strain. The trials gave as 
follows: (See Tuble on following page.) 


The effective labor required for tearing 
asunder a rod of cast iron 1 square centi- 
meter sectional area is about 0.2 met. 
kilog; and therefore that the effective 
labor required for tearing asunder a bar 
of cast iron 4 square centimeter sectional 

area is about 0.1 met. kilog. If we com- 
pare this with the effective labor re- 
quired for tearing asunder by a blow, 
the result is in favor of pressure as 8 to 1. 
The work required for extension up to 
the limit of elasticity with an area of 4 
square centimeter is about 0.003 met. 
_kilog., or equal to a blow of a weight of 
| 1.15 kilog. from a height of 3 millimeters, 
/whereas Uchatius found that with a fall 
of 30 millimeters with this weight the 
limit of elasticity was nat exceeded. 
Since this experiment shows that one 
| strong blow results in a better applica- 
{tion of the vis viva than a number of 
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Extension in 0.00001 of 


Weight in 
length. 


kilogrammes 
per square 
centimeter. 





Elastic. | Permanent. 


Extension in 0.00001 of 
length. 


| Weight in 

| kilogrammes 
per square 
centimeter. 


| Elastic. Permanent. 





9 
2 
10 
15 
99 
~~ 
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100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 


33 
38 
47 
54 
61 
68 


76 


IkrwWooooo: 


o 





Lie am) 


1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2420 


14 
19 
24 
30 
35 
50 
65 
81 


84 

02 
101 
110 
120 
130 
142 
157 


rupture. 


rupture, 


| 
| 
\ 





weaker blows, and that an equal effect is 
obtained with a less expenditure of labor 
by means of a quietly working pressure 
than by the one blow, it follows general- 
ly that blows are attended by a greater 
waste of power than pressure In perform- 
ing the same work; and that this is so, 
as far as regards cast iron, the above 
trials certainly go far to prove. 


(2) Mr. Robert Lane Haswell, of 


Vienna, made two comparative trials to) 


bend an axle by means of quiet continu- 
ous pressure, and then to straighten the 
same by blows. If the permanent deflec- 
tion be not very great, the expenditure 


,of labor necessary to straighten it can 
be looked upon as being the same as that 
required to bend it, because the same 
‘blow—W x H—which had previously 
‘caused a certain deflection was found 
able when properly applied to straighten 
a bent axle. In the press used the 
|weight of lever and scale amounted to 
| 241.25 kilogs., the short arm was 210 
‘millimeters, the long arm 4845 milli- 
|meters; therefore the transmission was 
4845, or 23.07. The distance between 
|the underlying blocks was 1.5 meter. A 
‘trial with a wrought iron axle of 132.75 
millimeters diameter gave the following 
'results:, 





Weight applied Deflection. 





to lever. Elastic. 


Remarks. 


Permanent. 





millimeters. 


9 
we 


3. 


625 


685 





millimeters. 


The weight applied must be added 
to 241.25 kilos. and the sum 
multiplied by 23.07 to ascertain 
the pressure applied to the 
center of the axle. 


| 
| 
| 
| 
} 
| 





The same axle was straightened under 
the blows of a monkey. 


Height of stroke. 
Meters. 


Deflection in 
millimeters. 


The weight of the monkey being 
649.5 kilogs., the entire expenditure of 
labor in straightening the axle—really a 


\slight deflection over and above took 
place in the opposite direction—amounted 
to 1212.6 met. kilogs. For the straight- 
ening alone of 12 millimeters, 389.7 met. 
kilogs. were required. The proportion 
of press work to that of blows is nearly 
as 1: 7. 

Since, however, as Uchatius also found, 
that with repeated and weaker blows the 
expenditure of effort was still greater, 
we may, in making a comparison of the 
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whole work, safely assert that the entire second trial with a Bessemer steel axle 
press work of 125 met. kilogs. is, in pro-| of 129.5 millimeters diameter, under the 


portion to the entire work of blows, 
1212.6 met. kilogs., nearly as 1:10. A 


| same press, was permanently deflected to 
'an extent of 12.5 millimeters as follows: 





Weight placed | 
on lever in 
kilogrammes. Elastic. 


Deflection. 





Permanent. 


| Weight placed | Deflection. 
on leverin | 


kilogrammes. | Elastic. | Permanent. 








mm. 
25 1.! 
50 
75 

135 

210 

260 

285 


SS8uSs3 
MITTIUVE 


Co Ce CO 9 0 
St Hh to 2 





mm, 
385 
485 
585 
760 
885 

1105 

11834 


reer | | 
wore 


or e9 


ae 








To straighten the same axle by blows 
the following results were obtained: 


Height of fall. Deflection. 
Blows. millimeters. 


The effective labor here was 649.5 Xx 
1.9=1234 kilogs. By the application of 
quiet pressure the deflection between 7 
millimetres and 124 millimetres required 
an expenditure of effort = 75 met. kilogs. 
—according to area w, 2, y, 2, while the 
first blow expended 389.7 met. kilogs. 
In this case, therefore, the pressure com- 
pared with the blows is as | : 5. 

(3) Trial of Bessemer steel rails, under- 
taken by the Locomotive Superintendent 
of the States Railway of India, published 
in the German edition of “ Engineering ” 
—now Stummer’s Jngenieur :-— 





Blow trial. 
Monkey: 10 cwt.; 
fall, 5 ft. d 
Perman’nt 
deflection. 


Press trial. 





| 
Deflection in inches! Blow. 





Total. |Perman’nt) inches. 
0.18 
0.15 
0.18 
0.50 
0.90 | 
1.55 | 
2.36 


2 


moo co 
orca 


aT 


‘31 
Broke. 


wroce 
3D StH Co DO 











The distance between supports was in 
each case 3 ft., the work required for the 





permanent deflection of 1.31 in. under the 
press was about 480 foot-pounds, and the 


work of the first blow, which caused a 
deflection of 1.25 in., was 5000 foot- 
pounds, whence the proportion of press- 
ure to blows is as 1:10. In a second 
trial the results were :— 





Press trial. Blow trial. 





Total de- |Perman’nt . 
flection. deflection.) BlOW- 


| inches. 


Tons 


| Deflection 








7 : .01 
8 2 0.07 
9 Ge 0.45 
10 : 1.07 
11 od 2.02 








The distance between bearers, fall and 
weight of monkey, the same as before. 
If we compare the work of the first blow, 
which caused a deflection of 1.19., with 
that which was required of the press to 
cause the same deflection, we find the 
proportion of 5000:420. The amount 
420 is taken from a diagram not shown 
here. The press work expended here is 
to that of the blows as1:12. Other 
trials of rails Nos. 4, 5, and 10, gave 
similar results; also one of a chilled rail 
No. 20. 

(4) We laid a lath of red deal of the 
cross sectional dimensions of 13.7 milli- 
metres and 19 millimetres in its strong- 
est position, on two bearers 0.60 metres 
apart. By means of a quiet pressure— 
determined by a diagram—with an ex- 
penditure of work of about 0.3 met. 
kilogs. it was broken. A monkey 
weighing 3.43 kilogs., with a fall of 0.10 
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metres, was allowed to fall on a simi- 
lar lath without breaking it, the rupture 
occurring only when the fall was in- 
creased to 0.21 metres, representing a 
work of 0.72 met. kilog. Here the pro- 
portion of pressure to blow is as 1 : 2.4. 
(5) A glass rod of six millimetres di- 
ameter was fixed at one end in a pair of 
lead cheeks, and a scale weighing 235 
grammes hung on to the other end at aj 
distance of 17 millimetres from the. 
bearing :— 
Kilogrammes. 
The deflection with a load of 0.235 was 2 millimetres. 
“ “ oe 0.435 “ 3 “ 
4 


“ “ 
“ 


“ce 


“ “ 
“ 
“ 


0.735 
0.985 * 
1.135 *“ 


“ 


5 
it broke. 


It has been shown that 0.34 
is the expenditure of work in 
rupture. 


met. kilog. 
effecting a 
TRIAL UNDER BLOWS. 

20 grammes with 10 centimetres. Fall on end of rod | 
represented as work of 0.2 k. centimetres without rupture, 

50 grammes with 10 centimetres. Fall on end of rod 
represented as work of 0.5 k. centimetres without rupture. 

100 grammes with 10 centimetres. Fall on end of rod 
represented as. work of 1.0 k. centimetres, broke, 

We can therefore deduce from this 
trial that for the same amount of work 
—i.e., rupture under blows—a greater 
expenditure of labor was necessary, the 
proportion of pressure to blows being as 
i: 2. 

It has now been proved, first by No. 1 
of the series of trials, that a certain 
alteration of form can be produced by 
means of a blow with the least waste of 
labor, when only one blow, provided it is 
strong enough, be given; also by the 
other trials, such as of cast iron, wrought 
iron, steel, wood, and glass, that quiet, 
continuous effort gives a more favorable 
result with regard to the expenditure of 
labor than any other form of applied 
power; therefore the assertion made at 
first, that the “expenditure of effort for 
the same effect is less by the use of 
pressure than by that of blows,” may be 
taken as confirmed. 

The question will naturally be asked 
how it happens that the proportion be- | 
tween the effect of pressure and blow 
varies between 1 : 2 and 1 : 12. These 
proportions must vary, more owing to 
the trials referred to than to the charac- 
ter of the materials, because they were 
not made under entirely similar condi- 
tions. The softer and more elastic the 
supports are on which the materials to 
be tested are laid, the less effective will 

Vout. XVIL—No. 3—18 


be the blow, and the greater the waste of 
labor transmitted to the supports or lost 
in vibration. If the weight does not 
fall directly on the material to be tested, 
but on some intervening medium, as in 
trial 1, then the result is affected by 
this. The great differences even in the 
same material, such as wrought iron-—as 
shown in trials Nos. 2 and 3—are there- 
fore explained. 

We have seen above that with timber 
and glass the difference between the 
amount of work for a certain effect by 
pressure and by blow is not very great; 
several trials made to show in what pro- 
portion the expenditure of work stands 
which is required to press or to drive 
(with blows) a nail into wood, showed in 
their results sometimes in favor of the 
hammer, and sometimes in that of the 
oress, 

From the foregoing Professor Kick 
draws the following conclusions :—(1) 
If we use blows for shaping or dividing 
substances a greater expenditure or waste 
of labor is necessary than if a quiet 
pressure be used instead. (2) If we 
know the mechanical work necessary to 
separate or break a substance under 
pressure, we can be quite certain that 
one blow which requires the same ex- 


_penditure of mechanical effort will not 


cause the separation or rupture. (3) If 
the mechanical labor for the transitory 
alteration of the substance up to its 
limit of elasticity be known, that labor 
if applied through the medium of blows 
will not affect the substance up to its 
elastic limit. 

As Professor Kick intends to continue 
his investigations and experiments with 
a view to publishing them, we hope at 
some not distant date to be able to give 
our readers the results in a fuller and 
more tabulated form than the present. 
The question is one of the deepest inter- 
est, more especially when applied to the 
working of the enormous masses of 
metal which are now employed in armor 
plates and big guns, and unless the argu- 
ments here put forward can be success- 
fully refuted, the monstrous waste of 
labor under the method of steam ham- 
mers is a subject of serious consideration 
for manufacturers and calculation for 
political economists. If it caw be proved 
that the calculations made by the 
authorities of the Indian States Railways 
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apply equally to the working of metal 
when hot as to the disintegration of the 
same when cold under the effect of 
pressure as against that of blows, viz., 
as 1 : 12 (and it has already been 
proved that in the manufacture of 
wheels, crank axles, axle boxes, &c., 
under pressure, an immense saving in 


heats, time, labor, and consequently ex- 
pense, is effected), then it only depends 
on the supply of material and the 
demand of the market, for our manu- 
facturers by adopting this system to 
turn out in one month the present 
product of a year, or in a decade the 
productions of a century. 





ON THE RELATIONSHIP OF 


STRUCTURE, DENSITY, AND 


CHEMICAL COMPOSITION OF STEEL. 


By Pror. JOHN 


Read at the Buffalo Meeting of the American 


Ar the present day, much attention is 
being given to the importance of study- 
ing the connection between the chemical 
composition and physical properties of 
matter, meaning by physical properties 
such characteristics as crystalline form, 
color, hardness, specific gravity, ete. 
The following paper is offered as a slight 
contribution to this department of knowl- 
edge. 

There are two methods of investigating 
this subject : first, to take bodies whose | 
chemical nature is intimately known, and 
to commence an examination of their 
physical character; the second, to take 
material long known and studied from 
the mechanical side, and to investigate 
its chemical composition. The latter is’! 
the method here followed. 

Steel, from its great industrial import- 
ance, is the best known of all alloys, and 
its behaviour under mechanical forces 
has been most extensively studied, both 
by individuals and governments; but, 
unfortunately, the elaborate tables of 
tensile strength, elasticity, etc. thus pro- 


duced, have not been supplemented by | 


correspondingly thorough chemical an-| 
alyses, because it has only very recently 


been surmised that slight variations in| 
the composition of steel affect its be-| 
haviour more radically than do all the! 


processes of the rolling-mill or the ma- 
chine-shop. Within the last eighteen 


months, the United States have appoint- | 


ed a commission to study in detail the 


connection between the strength, elastic- | 


ity, etc., of steel and iron, and their 
chemical composition as shown’ by 
analysis. The research, which is the 


W. LANGLEY. 


Association for the Advancement of Science. 


basis of this paper, was commenced 
before the organization of the U. 8. Com- 
mission; but after the General Govern- 
ment decided to take up the subject and 
to explore it for the benefit of engineers, 
all that part of the original design was, 
of course, abandoned, and our attention 
has been chiefly directed to a study of 
the chemical and molecular structure of 


|steel—a field which it is probable will 


not be entered upon by the government 
commission. 

In such an undertaking, the number 
of facts to be acquired and of subjects 
to be pursued in detail is very great; 
they are thus far in a very incomplete 


state, and I am therefore able to furnish 


a record of a portion only of the work 


'done—that which merely serves as a 


foundation for future research. In 
March, 1874, Messrs. Miller, Metcalf, 
and Parkin, steel manufacturers of Pitts- 
burg, selected eight samples of steel 
which were believed to form a set of 
graded specimens, the order being based 
_on the quantity of carbon which they 
were supposed to contain. They were 
numbered from one to eight. On analysis, 
the quantity of carbon was found to fol- 
low the order of the numbers, while the 
other elements present—silicon, phos- 
phorus, and sulphur—did not do so. As 


| the method by which these samples were 


selected has an important bearing on the 
subject in hand, it will not be out of 
| place to describe it. 

The steel is melted in black-lead ecruci- 
\bles capable of holding about eighty 
‘pounds; when thoroughly fuid it is 
poured into cast-iron moulds, and when 
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cold, the top of the ingot is broken off, 
exposing a freshly-fractured surface 
whose plane is approximately at right 
angles to the axis of the ingot. The ap- 
pearance now presented is that of con- 
fused groups of crystals, all appearing to 
have started from the outside and to 
have met in the center; this general form 
is common to all ingots, of whatever 
composition, but to the trained eye, and 
only to one long and critically exercised, 
a minute but indescribable difference is 
perceived between varying samples of 
steel, and this difference is now known to 
be owing almost wholly to variation in 
the amount of combined carbon, as the 
following table will show. This consists 
of twelve samples selected by the eye 
alone in April, 1875, and the analyses 
were made from drillings taken direct 
from the ingot before it had been heated 
or hammered: 


Tasce II. 


| 
| 
| 


Phosphate! 





Difference | 
of Carbon.) 


Iron by 


Differenee 
Carbon. 
Silicon. 
Sulphur. * 





-019 | 
.034 | 
.043 | 
039 
.026 | 
.039 | .02 
.057 
.053 
.059 
.O88 
.120 
.039 | 


.302 | 

.490 

.529 

649 

.801 | 

841 | 

.867 

.87 

.955 

.861 1.005 

-752 1.058 

98.834 1.079 
Mean 


.188 
.039 
.120 
.152 
.040 
.026 
004 | 
. 084 
-050 | 
.053 
.021 
.071 | 


} 


z 
Z 
= 

1 
2 
3 
ae 
5 
6 

7 
8 
9 

10 
11 


. 004 


_ 
J) 





Here the carbon is seen to increase in 
quantity in the order of the numbers, 
while the other elements, with the ex- 
ception of total iron, bear no relation to 
the numbers on the samples. 

It has long been known that the struc- 
ture of cast steel, as visible to the eye, 
bears some relation to the quantity of 
carbon present, and a rough classification 
by this method has been in practical use; 
but the above analysis show a very elose 
connection between composition and 
structure, for differences of carbon so 
slight as seven-hundredths of one per 
cent. will impress such a change in the 





* The determinations of sul phur were made by Prof. 
A. R. Leeds, of Hoboken. N. J. 








crystalline appearance of the metal that 
the eye of the expert can detect it, rarely 
ever making a mistake when the total 
carbon rises to a half per cent. or more. 
In mild steels the discrimination is less 
perfect. 

The appearance of the fracture, by 
which the above twelve selections were 
made, can only be seen in the cold ingot 
before any operation, except the original 
one of casting, has been performed upon 
it. As soon as it is hammered, the 
structure changes in a most remarkable 
manner, so that all traces of the primitive 
condition appears to be lost; but al- 
though the crystalline form thus seems 
to be destroyed by heat or pressure, it 
can again be rendered evident by a spec- 
ial mode of treatment. 

Another method of rendering visible 
to the eye the molecular and chemical 
changes which go on in steel, is by the 
process of hardening or tempering. 
When the metal is heated and plunged 
into water, it acquires, as every one 
knows, an increase of hardness, but also 
suffers a loss of ductility. If the heat to 
which the steel is raised just before 
plunging is too high, the metal acquires 
intense hardness, but it is so brittle as to 


| be worthless; the fracture is of a bright, 


granular, or sandy character. In this 
state it is said to be burned, and it can- 
not again be restored to its former 
strength and ductility by annealing; it 
is ruined for all practical purposes, but 
it is in just this state that it again shows 


| differences of structure corresponding 


with its content in carbon. The general 
nature of these changes induced by heat 
and tempering are sufficiently marked to 
be visible to an untrained eye, and can 
be illustrated by plunging a bar highly 
heated at one end and cold at the other, 
into water, and then breaking it off in 
pieces of equal length, when the fractures 
will be found to show appearances char- 
acteristic of the temperature to which 
the sample was raised. 

The great molecular changes thus ren- 
dered evident are probably accompanied 
by changes of a chemical character be- 
tween the iron and the carbon. Accord- 
ing to Caron, such combinations do really 
occur, but the subject has thus far been 
too little investigated to warrant any de- 
cided expression of opinion. 

There is a physical property which is 
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well known to be intimately connected | left by the tool, and then grinding and 
with chemical structure, viz.: density,| polishing the surface smooth; also six 
and in the case of union between gases bars drawn from the ingot were heated 
it has risen to be sometimes even the cri-| to burning at one end and were left cold 
terion of combination. The specific|at the other, then plunged into water, 
gravity of steel and iron has been taken thus forming sets like the fractures just 
many thousand times before this, but not| alluded to; each bar was then broken 


usually in conjuncton with analysis; it is 
believed that a study of the densities of 
a series of steels under varied conditions 
and as a sequel to analytic work, would 
develop facts of interest. Accordingly, 
samples were taken from the above 
twelve ingots by boring out a piece 
with a crown drill, breaking off the core 


into six pieces and the ends rendered 
smooth so that the specific gravity could 
be taken. 

In the following table the results are 
given: the upper horizontal line contains 
the numbers belonging to the ingots, the 

left hand vertical column gives the order 
iof the pieces broken from the bars: 


Taste II. 


Specific gravities of twelve samples of steel from the ingot ; also of six hammered bars, each bur being 
overheated at one end and cold at the other, in this state plunged into walter, and then broken into 


pieces of equal length. 





1|2]|8 | 4 





BAR. | 
Order of samples from 
bar: 


Burned 1 
2 


| 
| 


et 
a ke 


5 | 6 8 ‘ 11 12 


7.855 7.836)7.841 7.829|7.838 7.824|7.819 7.818 7.813 7.087, 7.803 7.805 


17.789] ... 
784 
. 780 
808 
812 


a3 +3 a 9 9 
ere rcrcrs) 





The temperature to which the densities are referred is 60° Fahr. 


It is thus seen that the density de- 
creases with the increase of carbon up to 
No. 5, which contains eight-tenths of one 
per cent. of carbon; below this number 
the influetice of various physical condi- 


|same density, but as soon as the burning 
point is reached the steel is brought back 
nearly to the condition which it had at 


'the moment of casting, and now the 


specific gravity is seen to vary in the 


tions, such as rapidity of cooling, degree same sense as the numbers in the ingot 
of fluididity before casting, etc., influ-| line above it. 

ence the specific gravity in an apparently | = 

erratic manner, though the numbers still | 

continue to vary inversely as the carbon| A tryrE foundry in St. Paul has lately 
in a general sense; also if the influence| furnished the types for the Framvavi, 
of temperature on density is noted with/an Iceland newspaper, to be published 
regard to the sets of hardened samples, |in the Icelandic colony at Keewatin, on 
it will be seen that, taking the numbers|the Red River, in British territory 
from twelve to six (or those containing about sixty miles from Fort Garry. 
the highest amount of carbon), the! This will, according to the Mew York 
specific gravity is lower the higher the | World, be the first newspaper published 
temperature applied. Finally, the lowest! on the American Continent in the Ice- 
horizontal line shows the densities of the |landic language. The preparation of 
metal as it left the hammer, and the up-|the types required the greatest care. 
per horizontal ones belonging to the bars|They are in the Roman alphabet, but 
the expansion produced by over-heating. | with a great many peculiarities in regard 
By the influence of hammering, all the | to accentuation, and are of a very anti- 
pieces have been brought to nearly the! quated form. 
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LIGHTING BY ELECTRICITY.* 


From ‘“ Engineering.” 


Bryonp all question the use of elec- 
tricity for purposes of illumination is 
destined in the immediate future to a 
very wide extension, both to replace in 
many instances the employment gf gas, 
and in many others, and those of the 
highest importance, to supply a means 
of brilliant illumination, where at present 
only very feeble and imperfect sources 
of light are available. M. Fontaine, the 
author of this work, has devoted many 
years to the development and introduc- 
tion of the gramme machine, so well 
known as a powerful means of producing 
the electric light, and largely employed 
for that and other purposes; and if we 
allow at once that he has shown a 
decided and possibly an undue prefer- 
ence for this machine, it has to be con- 
sidered that his attention and interests 
have been concentrated upon it during 
many years. In this book he has con- 
tributed the most valuable addition to 


our practical knowledge of the subject, 
and although he, in a preface, gives a 
long list of other authors from whom he 


has derived much information, he is 
none the less deserving of much praise 
and thanks for the excellent manner in 
which he has performed his work. 
Naturally the first portion of the book 
is devoted to a consideration of the 
nature of the means of producing the 
electric light, as well as to a historical 
review of the various stages through 
which the science has passed from its in- 
ception to the presgnt day. With re- 
gard to those subjects we need only say 
that M. Fontaine has written with much 
care and without tediousness, and we 
may pass on to the more practical por- 


tion of the book, as being of more inter-| 
| slowly. 


est and value to our readers. - 

The chapter on carbon points is very 
complete, and in considerable detail. 
The tabulated results given are of spee- 
ial value, as they are obtained from a 
number of careful experiments. 
will refer particularly to one series of ex- 
periments. 





Eclairage a l’Electricité. Renseignements Pratiques. 
Par Hippolyte Fontaine. Paris: J. Baudry. 


We| 


The points tried were: 1,) 
‘with the various forms by M. Fontaine 


of good retort coke; 2, those of M. 
Archereau; 3, those of M. Carré; and, 4, 
those of Gaudoin. The Archereau points 
are made of carbon finely divided and 
mixed with magnesia, the whole being 
brought into form under heavy pressure. 
The Carré points consist of 


Parts. 
Very fine coke in almost impalpable 
WOUND. oc on ness cccssvessoesees ecnes 
Calcined lamp-black....... 
Liquid 


The liquid is formed of thirty parts of 
sugar and twelve parts of gum. The 
whole is intimately mixed, and from one 
to three parts of water are added to 
make up for loss by evaporation. After 
being moulded under pressure the points 
are placed in a crucible and submitted to 
a high temperature. They are laid 
horizontally in the crucible, which is of 
cast iron, on a bed of coke dust, and 
each layer is separated by a sheet of 
paper. Between the upper layer and 
the cover a bed of coke dust, and then a 
bed of sand is placed. After the first 
operation, which should last from four to 
five hours, during which the points have 
to be maintained at a cherry heat, they 
are placed for two or three hours in a 
boiling and concentrated solution of 
cane sugar, being taken out two or three 
times to cool, in order to allow the solu- 
tion to penetrate more freely. They 
are then drained and washed well in 
boiling water to dissolve the sugar on the 
surface. 

After drying they are placed in a 
erncible and again heated, twice or 
more, until the desired density is attain- 
ed, and finally they are cooled down 
These carbons are extremely 
tenacious, and can be freely used 
twenty inches in length and three-eighth 
inches in diameter without fear of break- 
ing. The Gaudoin pencils are made of 
carbon produced from tar, resin, mineral 
oils, &c., and compressed in a mould. 
The following are the results obtained 


during the present year : 
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EXPERIMENTS MADE WITH VARIOUS Carbon Pornts, Apri, 18 


ae 
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Nature of Carbon. 


Form and Size. 


per 
or. 


ion 
Hour. 











in Carcel Burne 


onsumpt 
Machine per Minute. 


Illuminating Power 
No. of Revolutions of 


Length of Are, 


Regularity. 


C 








|.304 in. 
|.393 in. 
|.354 in. 
.440 in. 
452 in. 


Retort, good quality 
Archere: wu 


Gaudoin type No. 1............... 
Gaudoin compressed wood charcoal. |. 


square. 
diameter 
diameter 

diameter 
diameter, 


‘ 
/ 


a 


Fair 

None 
i\Medium (3) 
Good (4) 
Very good(5) 


(1) 
(2) 


120 | 
173 
175 | 
203 | . 
240 | ‘ 


362 

677 
.716 
.149 
.070 


2 89 v9 >. 


2° 
ooo 





Numerous scintillations. Projections. 
Very variable intensity of light. 
Very variable intensity. Good wear of 
Light somewhat red but very constant. 


Light very white. 


TP C2 2 ee 


i) 
; 


In proportion to the light produced 
the wear of the points was for the 
Gaudoin wood charcoal points... .1.259 in. per 100 burners 
BEATER 6.0.05 cqesccecevesesesese 1.535 
RN dai! <pageinnecmterpecatacnds 1,574 
SMM MOG Bios. cccctesacoees<snn 1.574 
Retort 38 


Commenting upon the _peneriour of 
these various carbons, M. Fontaine says: 
The light given by Gaudoin No. 1 was 
a little less regular than was obtained 
on a previous occasion; that given by 
the Carré varied in less than a minute 
from 100 to 250 burners; it turned 
around the points in the same way as 
with alternating currents. The Arche- 
reau pencils gave such a variable light 


“ “ 
“ 
“ 


“ 
“ 


that it was difficult to measure it by the | 
The retort carbons alone) 


photometer. 
preserved their durability, their luminous 
intensity, and unfortunaiely their irregu- | 
larity. 

Passing on to a historical review of | 


Less fixed than with the Gaudoin carbon No. 6. 


Carbons used very irregularly. 


Wear of carbons in small facets. 


carbon. 


Small variation. 


that of the ring 10.8 lbs. With this 
machine a light equal to 1,440 Carcel 
burners was produced, the speed being 
900 revolutions per minute. The first 
workshop permanently illuminated by 
electricity was the Gramme atelier in 
1873. The light was furnished by a 
single lamp, which took the place of 
twenty-five gas burners. During four 
years the work has been regular, and 
the cost has not exceeded 6d. per hour, 
including all charges. The space lighted 
is 40 feet square and 16 feet high. On 
a larger scale is the illumination of the 
Ducommun Works at Mulhouse. The 
‘main shop is 187 feet long and 92 feet 
wide. The lights are placed 17 feet 
above the ground, 69 feet apart longitu- 
| dinally, and 46 feet transversely. “The 
'Gramme machines are placed in one of 
| the boiler and engine houses. The total 
cost of establishment was £400, and the 


electro-magnetic machines, M. Fontaine | light obtained is equal to 400 burners. 
describes with much detail the latest | Many other workshops are also illumi- 
form of the Gramme machine for pro-| nated in the same way, among them we 
ducing a light equivalent to 2,000 bur-| may mention those of MM. Sautter, 

ners. For lighting workshops and other| Lemmonier & Co., of Paris, the Menier 
industrial purposes, M. Gramme makes | Chocolate Works at Grenel, Noiseul, and 
a machine with two magnets and one|Roye, the spinning factories of Dieu- 
central ring. The weight of this latter | Obry, Daours (Somme) MM. Ricard fils, 
is 396 lbs, its height 23.6 inches, its | Mauressa (Barcelona), and MM, Buxeda, 
width 13.7 inches, and its length, in-|at Sabadell (Spain). 

cluding the driving pulley, 25.6 inches.| The lighting of the goods station at 
The base weighs 264 Ibs., and is 15.75 | Chapelle-Paris, is also an important in- 
inches high. The copper wire of the | stallation. It comprises a building 230 
electro-magnets weighs 61.5 lbs. and‘ feet by 82 feet and 26 feet high, a shed 
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the same length, 49 feet wide, and 26 
feet high, and a court-yard 65 feet wide 
separating the main station from the 
shed. The hall is lighted with two 
lamps about 14 feet above the ground, 
and the shed and yard with a single 
light. The cost of lighting is 7.5d. per 
hour and per lamp. The cost of estab- 
lishment was £920. 

An interesting application of the light 
has been made at Havre harbor exten- 
sion works. The works at night were 
carried on by 150 laborers, over an area 
of about 300,000 square yards. The 
lamps here were placed at an elevation 
of about 50 feet, and each had a power 
of 500 burners. Minute objects were 
quite distinct at a distance from the 
lights of 350 feet, and the works were 
carried on with perfect ease. 

In 1862 the first application of electric 
illumination was made to a lighthouse 
near Havre. The Alliance machine was 
employed, and since that date this meth- 
od of lighting has been greatly extended 
in England, France, Russia, Austria, 
Sweden, and Egypt. Hitherto, however, 
the most powerful machine employed is 
equal only to 200 burners, but M. Fon- 
taine states that the French Government 
is shortly going to experiment with a 
Gramme machine of 2000 burners. Of 
equal interest to light-house illumination 
is the application of the electric light on 
board ship, and enough has been done in 
this direction to encourage its wide ex- 
tension. At the end of March, 1876, the 
America, of the General Transatlantic 
Company’s line, was fitted with a 
Gramme machine, and all accessories. 
The refiectors are placed in the top of a 
tower made of plate iron, access being 
gained by an internal stairway. The 
height of the tower is sixteen feet four 
inches above the deck, the diameter is 
thirty-nine inches, and it is fixed in the 
forward part of the ship. The reflectors 
illuminate an are of 225 degrees, leaving 
the ship almost entirely in the dark; the 
beam has a depth of about thirty-one 
inches. The Gramme machine employed 
has a power of 200 Carcel burners, and 
is driven by a three-cylinder Brother- 
hood engine with a speed of 850 revolu- 
tions per minute. The commutators 
controlling the action of the light are 
placed in the captain’s cabin, and the 
light can be extinguished or produced at 


will without stopping the machine. The 
French Admiralty has recently estab- 
lished on board the Richelieu, and will 
shortly place on the Suffren, 500 burner 
Gramme machines, driven by a Brother- 
hood engine. This light it is expected 
will be of great service for torpedo de- 
fence. The light is concentrated in a 
cylindrical beam, which can be directed 
upon any desired point, the lamp and 
reflectors being mounted on a revolving 
frame, to which any desired inclination 
can also be given. M. Fontaine gives 
an interesting chapter on the power ab- 
sorbed in producing the electric light, 
and refers at length to M. Tresca’s vala- 
able investigations of this subject. 

The question of cost is considered, 
and this, though of secondary import- 
ance, when intensity of light is absolute- 
ly necessary, is one of the first points to 
be considered before attempting the ap- 
plication to industrial purposes. In this 
respect the author makes a most favora- 
ble comparison for the Gramme machine, 
which, while we do not endorse it, we 
consider of sufficient importance to sum- 
marise in this review. He bases his esti- 
mate on a machine, motor, apparatus, 
wires for transmission, &c., complete for 
150 Carcel burners, and assumes four 
such apparatus are required to illuminate 
a given factory, 500 hours of lighting 
during the year being allowed for. The 
points cost 6d. per foot, and are con- 
sumed at the rate of 34 inch per hour, 
including breakages. The following is 
the estimate: 

Ps 

4 tons of coal at £1.4 per ton............- 5.6 
523 feet of carbons 
Maintenance of the four apparatus 
Amortization on capital, £400 at 10 per 

cent... 


For a single light the cost of mainte- 
nance is much higher in proportion, and 
this decreases rapidly as the number in- 


creases. The expense diminishes also 
with increased duration of use; thus at 
M. Menier’s factory at Noiseul, where 
work is carried on throughout the night 
continuously, the cost is as follows: 


1046 feet of carbon..... 
Annual maintenance...... 
Amortization .......... 
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In this case, however, water power is 
used to drive the electro-magnetic ma- 
chines; if steam were used 8 tons of coal 
would have to be added, which would 
bring the cost up to £54.4. With the 
latest type of Gramme machine it is 
claimed that these prices are considerably 
reduced. The following are stated as 
the proportional cost of various illumi- 
nating mediums as compared with the 
electric light: 

Wax.... 

Stearine... 

Colza oil 

Gas... 

As the result of a detailed estimate 
for illuminating a factory with 415 gas 
lights and 6 electric lights, it is shown 
that the annual cost of the latter would 
be only 33 per cent. of the former, with 
six times the illuminating power. 

The concluding chapters of this book 
are devoted to the consideration of light- 
ing by incandescence, and on the divisi- 
bility of electric light as illustrated by 
the recent developments of M. Jabloch- 
koff, which have recently been noticed in 
our columns. <As we have already stated, 
M. Fontaine’s book may be open to the 
objection of pressing too prominently 
forward the Gramme machine, but it is 
none the less a very valuable contribu- 
tion to the literature of practical science, 
and treats very fully of a subject which 
is daily growing into increased import- 
ance. 


ie 
REPORTS OF ENGINEERING SOCIETIES. 


a Socrery oF Civit ENGINEERS — 
Tests OF AMERICAN IRON AND STEEL. 
At a recent meeting of the Society, Prof. 
Robert H. Thurston was called upon to report 
the status of the ‘‘ United States Board appoint- 
ed to test Iron, Steel and other Metals.” He 
gave an account of the origin of the movement 
to obtain the appointment of such a Board, and 
described the organization of that body, its 
plans and methods of work, its present position 

and its purposes for the future. 

He remarked that the Board, having appar- 
ently reached very nearly the end of its history, 
it might be well to look to the beginning of 
the work. He proposed to follow closely the 
line of discussion pursued when making a sim- 
ilar statement, by request, before the Senate 
Committee on appropriations, March 6th, at 
which time he had been asked, as Secretary of 
the Board, to give an account of operations. 

This plan of a systematic and thorough de- 
termination of the properties of the materials 
of construction made in the United States, and 
the scheme of making a really scientific ex- 





examination of the composition and value of 
the metals used in their production, had an 
origin in two serious needs, and at a period 
which ante-dated the speaker’s entrance into 
the Society. These two necessities arose from 
commercial conditions and from the require- 
ments of constructing engineers. 

We have been, for years, importing cast iron 
from abroad while we have domestic products 
of, equal and even greater intrinsic value selling 
in our markets at lower price. Weare import- 
ing boiler plate at 11 cents a pound when we 
can purchase American steel, vastly superior 
in all respects for the special purposes to which 
the former is applied, at 8 cents. We import 
yast quantities of foreign steel tools, when, at 


‘| Pittsburgh and elsewhere, we make steel fully 


its equal. In New England and Pennsylvania, 
we have ores from which are made the finest 
cast-iron ordnance in the world. In Ohio, we 
make a metal for car-wheels such as never is 
seen in Europe, and of such tenacity and 
elasticity that foreign engineers listen incredu- 
lously when it is described. Our Lake Cham- 
plain ores make an iron equal to even Swedish 
for conversion into steel, and around Lake 
Superior and Missouri we have deposits from 
which come Bessemer metal vastly superior to 
the phosphorus-charged metal imported. New 
Jersey supplies us with zinc which meets with 
no competition as a pure metal and which can 
be used without purification for even chemical 
purposes ; and our native copper is, as I know 
by experiment, absolutely free from .dmixture 
with injurious elements, 

Yet, notwithstanding the fact that we possess 
the purest and best ores and make the best met- 
als, we continue purchasing abroad 

This fact arises : first, from a natural conserv- 
atism which induces us to continue to pursue 
a course to which we have been accustomed 
even after we knew it to be an improper one; 
second, partly from that unfortunate American 
habit of self-depreciation which assumes, what- 
ever comes from abroad to be, from that fact, 
superior to the product of our own country and 
of our own industry ; and ¢hird, from the fact 
that our own people do not know and cannot 
readily be made to believe that our own mate- 
rials are so excellent. 

It was to meet the last difficulty, partly, that 
this Board was proposed. No private individ- 
ual can alford to attempt the systematic and 
only truly economical methods of development 
of these facts, and no one has interest so gen- 
eral as to make it imperative that he should do 
so, were it in his power. Even were the work 
done, and well done, by a combination of pri- 
vate interests, it would still have comparatively 
little value, as the public invariably looks with 
distrust upon all statements made by private 
individuals, and suspects that private interests 
may have given tone to their reports. The 
maker of the very best iron, or of the best pos- 
sible steel, cannot prove beyond cavil that his 
product is betterthan any similar metal pur- 
chased abroad. Only the General Government 
can institute an investigation that shall cover 
the whole field, that shall be systematic and 
scientifically thorough, and of which the report- 
ed results shall be accepted without distrust. 
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The second of the two classes of necessities 
leading to the creation of the Board was felt 
most keenly by our engineers and constructors, 
and by our manufacturers of machinery and 
of parts of structures. They knew compara- 
tively little of the strength of our metals in 
smuil parts, and were still more seriously ig- 
norant of the effect of making up any material 
in large sections and into the heavy members 
of bridges and other structures. They could 
not predicate dimensions on well ascertained 
measures of the strength of our iron, and were 
ignorant of the loads which could be sustained 
by heavy beams, girders, and columns made 
of this or of any other metals. 

For years, they had been compelled to base 
their calculations on tables of strength of ma- 
terials furnished by foreign experimenters, as 
Hodgkinson, Tredgold, Barlow, Morin, Ron- 
delet, and Muschenbroeck, who gave the re- 
sults of experiments on Carron iron and other 
metals, whose names were strange to American 
engineers, and which our builders never use. 
Recently, Kirkaldy, Styffe and some German 
experimenters have given us valuable inform- 
ation, but nothing of any considerable value 
has been published in reference to our domestic 
materials. 

These facts, and many more which the 
speaker had not time to consider, led to the 
appointment by the Society, several years ago, 
of a committee to secure the inauguration of 
scientific and exhaustive examination of our 
American materials by a Government commis- 
sion. This committee sent a delegation of its 
own members, and of other members of the 
Society, before the House Committee on 
Appropriations, in the spring of 1875, and 
secured the modification of a bill already in 
committee, which had originated with 
Architect of the Treasury, and its adaptation 
to the plan proposed. Under the provisions of 
a bill thus secured from Congress, the President 
appointed a commission, consisting of two army 
and two navy oflicersand three experts from 
civil life ; and this Board was organized and 
immediately adopted a very comprehensive 


plan of research, which was reported to the} 


Society a year ago. Committees appointed to 
carry out the investigations proposed, issued 
circulars, which were published in all scientific 
and engineering periodicals, as well as in the 
Transactions of the Society, and which detailed 
these plans of work and asked advice and 
information. These circulars brought out 
very little useful materia). 

The Board contracted for a large testing 
machine, combining the plans of Messrs. Albert 
H. Emery and Charles E. Emery—the latter 
a Member of this Society—which machine was 
expecied to have been long ago compieted, but 
is not yet ready for work. It was intended to 
test large pieces, as heavy beams, girders, and 
columns. 

While awaiting the’completion of the ma- 
chine, the Committees of the Board conducted 
their special investigations, where they could 
do so without the use of the large machine, 


making use of such other machines as were | 


available. 
Some of the Committee have reports, either 


the | 


completed or in progress. The committtee on 
Wrought Iron had finished several investiga- 
tions of the methods of making iron, on the 
effect of impact on metal, on the effect of 
various strains, &c., &c. The Committee on 
Chain Cables has been studying the methods 
and material of cable manufacture. The com- 
mittee on Tool Steel had completed a series of 
tests of the value of steels for cutting tools ; 
analyzing them to determine their composition, 
and breaking them to ascertain their mechan- 
ical properties. The report is in preparation, 
The committee on Abrasion and Wear had 
completed that portion of its work formerly 
reported as in progress. The Committee on 
Metallic Alloys has determined the tenacity 
and other forms of resistance of all copper-tin 
alloys, their ductility, resilience, density, &c. ; 
and the report is complete and in the hands of 
the copyist. A similar series of tests of copper- 
zine alloys has been completed, and the report 
is in preparation ; and an investigation of the 
properties of tripie alloys of copper, tin, and 
zinc is in progress. The speaker described the 
methods of research adopted and indicated the 
general nature of results attained. The Com. 
mittee on the Effects of Temperature has col- 
lected a large quantity of materials for test, 
and is still getting samples. The investigation 
is planned, but not yet commenced. 

As just indicated, the Board has been work- 
ing steadily for two years while awaiting the 
construction of its testing-machine—has done a 
large amount of work, and has completed, or 
| has in preparation, some extended and probably 
| valuable reports. The Board has been crit- 
| icised because no reports have been yet made 
public. It should be remembered that where 
| 
| 
| 





researches require months fortheir prosecution, 
the preparation of reports upon them usually 
requires an equal length of time, or sometimes 
greater. The speaker has sometimes acquired 
| information in one day’s work, which he had 
| been unable to reduce to proper shape for pub- 
jlication in many days. Such criticism is 
| evidently unjust, and never comes from those 
who have had experience in a kind of work in 
which the results of weeks of investigation are 
| sometimes expressed in a single paragraph. 
| Furthermore, the Board can only report to the 
| President at the proper time, and the reports 
| can only reach the country through the action 
|} of Congress. They can, therefore, not be 
| presented piecemeal or at any desired date. 

| The speaker was permitted to state ascertain- 
ed facts, but the Board had no authority to 
| publish the reports in which only those facts 
| could be found in their proper relations, except 
by presentation to the President, and publica- 
tion under Act of Congress. 

The speaker then described some methods of 
research adopted, and stated some interesting 
facts brought out by their application, includ- 
ing the reasons of variation of strength of iron 
and steel in bars of diferent sizes, the effect 
of strain after periods varying from one second 
to one year, the relation of composition, and 
of strength and ductility to the value of steel 
for tools, the methods which had enabled him 
to determine the mechanical proportion and 
value for constructive purposes of all possible 
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copper-tin, copper-zinc, and copper-tin-zinc 
alloys, the purposed methods of determining 
the effect of temperature, etc., etc. 

The speaker stated that reports of progress 
had been made to the President, and that, a 
year ago, Congress had been requested to make 
an appropriation to enable the Board to con- 
tinue its work, and to do some heavy work 
with its testing machine. 

The appropriation was granted by the Senate, 
but defeated by the House Committee. The 
same experience had been met with during the 
session just closed. No opposition had been 
met with either in the Senate or on the floor 
of the House, and every well known member 
of either party, and especially those of recog- 
nized intelligence and standing, had taken real 
interest in the matter. The House Committee, | 
with but one or two exceptions, had, however, 
determinedly refused, and had even inserted a 
provision in the Sundry Civil Bill of 1876-7, 
extinguishing the Board, when the money in 
hand should have been expended. That pro- 
vision remains a law. The appropriation in 
hand will be expended during the coming year, 
1877-8, and this Board, which has been pro- 
cured and sustained by such earnest action, 
and so great an amount of hard work on the 
part of members of the Society, will be dis- 
banded just as its plans and methods are 
thoroughly settled, and are bringing forth 
abundant fruit, and just as it is ready to 
undertake the most important of its researches 
—that on large parts of structures. 

It is possible that earnest and determined 
action on the part of the Society, may preserve 
it, but it can only be done by taking steps as 
well as convince the members of the House 
Committee on Appropriations of the next Con- 
gress: 

1st. That this work is of national importance 
in developing our mineral resources and manu- 
facturing industries, and in securing safety of 
all large constructions; that it is an absolute 
necessity. 

2d. That no individual can do such work, 
and that no combination of private individuals 
can make a complete and satisfactory investi- 
gation, even were the results of such work 
likely to be accepted as authoritative as would 
be the right of a Government Commission. 

3d. That, while this work is as appropriately 
a matter of general legislation as the support 
of the Patent office, the Department of Agri- 
culture, or of topographical and hydrographi- 
cal surveys, it will secure returns of incalcu- 
lable value, with insignificant expenditure. 

If members of the House Committee can be 
shown these facts, the Board may possibly be 
continued; but it will only be by such convinc- 
ing evidence as will fully controvert their pre- 
existing ideas, and convert them toa broader 
and more liberal faith. The Board has been 
formally endorsed by this Society, by the 
American Institute of Mining Engineers, the 
Iron and Steel Association, by all the technical 
schools, and by other institutions of learning, 
and has kept the members of the committees | 
informed of the progress of its work. It has 


standing the efforts of prominent men of 
both parties in Congress. It has done all that 
it, in propriety, can do, and will probably now 
simply present its reports on Committee work, 
state its readiness to go on with the greater 
work assigned it, and leave the matter to be 
decided as shall be determined by the House 
Committee on Appropriations, in the light of 
such evidence as they may thus be given. 
There is imminent danger that the Board will 
be discharged before it can report on the 
strength of a single 15 inch beam, or determine 
a single law relative to the resistances of parts 
of structures. It has, however, accepted its 
duties, and has undertaken them in good faith. 
Its members have discharged their duty faith- 
fully, so far as they have been permitted, and 
have devoted, voluntarily, a vast amount of 
time to special research without compensation, 
and their only regret will arise from a natural 
reluctance to see their work interrupted, just 
when most certain to prove useful, and from 
the disappointment which, in common with all 
interested in the movement, they must feel at 
this premature interruption of a great and 
needed work. 

They will find some slight compensation in 
the facts that they have, at least, organized a 
scheme which may, at some future time, be 
varried out by abler minds, that they have 
stimulated foreign nations to the consideration 
of the necessity of doing similar work, and 
thus, indirectly benefiting the world, and that 
they have been permitted to collect some valu- 
able information in several important fields. 

The speaker concluded by stating his belief 
that the importance of the subject and the evi- 
dent and eager interest which had been taken 
in the matter by nearly all the members of the 


‘Society, would justify him in having so fully 


and freely stated the present status, and proba- 
ble future of the Board appointed to test Lron, 
Steel and other Metals. 


ape 


IRON AND STEEL NOTES, 


age Pia Iron.—At a recent meeting of 
\O the American Institute of Mining Engineers 
at Wilkes-Barre, Pa., Mr. 
account of the manufacture of silicon pig in 


Holley gave some 


France. This is a special pig, made as spiegel 
is in the blast furnace, containing as high as 
10 per cent. silicon and some manganese. In 
using it a bath is made of spiegel, of ferro- 
manganese, and rail ends, etc., are put in. 
When it gets to a state of fluidity that would 
in the ordinary process require the ferro- 
manganese, the silicon pig is put in. The 
castings are free from blow holes. The ferro- 
manganese in the bath serves a very important 
purpose—to keep out the oxygen. If oxygen 
is present it is taken up by it. The casting 
has almost the same physical properties as 
hammered steel. Another peculiarity is that 
it has a specific gravity higher than Whit- 
worth’special steel—higher than hammered, 
and very much higher than ordinary steel. 
Another feature is that hammering does not 


not been successful in securing proper recogni-|seem to improve or injure it.—Am. Munuf., 


tion, notwithstanding all this, and notwith- | 


¢ 


xv, 7. 
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TEEL FOR S#HIpsuitprine.—When H.M.’s 
\) ironclad Nelson was launched by Messrs. 
Jno. Elder and Co., on the Clyde, last Novem- 
ber, Mr. Barnaby, the Chief Constructor of 
the English Navy, was present, and in the 
course of some remarks he said that that firm 
were building for the Admiralty six vessels 
constructed of a new material, viz., steel. 
The introduction of steel for armor had _fre- 
quently been referred to. They had made in 
England some experiments in this line with 
steel—an extremely ‘‘ touchy” sort of material, 
something like flint glass, which would not 
break although it was thrown down six times, 
but perhaps if it were thrown down a seventh 
time it would fly all to pieces. The French 
had gone ahead of the English in this respect, 
and had produced an armor plate 12 ft. long, 
4 ft. 6 in. wide, and 22 in. thick. That plate 
cost £2,000. It was put upon the side of a 
ship, a shot from a i0U-ton gun struck it, and 
it went all to pieces. Steel might perhaps be 
used for armor some day, and he trusted 
Britain would not be behind other nations in 
introducing and using it ina proper manner ; 
but at present he thought they must be very 
careful how they changed from well-made 


Shettield iron plates to steel plates. —Journal of 


Tron and Steel Institute 

——- +e 

RAILWAY NOTES 
THE UNITED STATES 
76 the Lake Shore and 
Michigan Southern Railroad Company laid 
10,500 tons of steel rails upon its system. 
These rails, the whole cost of which was 
charged to revenue, covered 112 miles of line. 
There are now but 263 miles of iron rails in 
the track of the main line, and these remaining 
iron rails are to be replaced with steel rails as 
soon as possible. The use of steel rails appears 
to have had the effect of largely reducing the 
permanent way charges last year. 


ane S Stock ON LAKE SHORE AND MICHI- 
U Gan SourHEerN.—At the close of 1876 the 
Lake Shore and Michigan Southern Railroad 
Company had nine more cars than at the com- 
mencement of the year. The aggregate car 
stock of the company was thus carried at the 
close of 1876 to 10,546 vehicles. The number 
of locomotives (495) owned by the company 
remained unaltered last year. The amount 
expended by the company last year in the 
maintenance of its rolling stock was 1,403,835 
dols. The amount expended for new equip- 
ment in the six years ending with 1875 inclu- 
sive was 5,904,087 dols.; with this expenditure 
the company acquired 223 new locomotives 
and 4739 new cars. 


a. RAILs IN .—In 


the course of 18 


ge hee EXPERIMENTsS.—The Springfield 
U (Mass.) Republican of recent date says :— 
A very interesting series of experimenis have 
been in progress on the Boston and Albany 
road the past few days by means of the dyna- 
graph-car of the Eastern Railway Association, 
in charge of P. H. Dudley, which has been run 
between Springfield and Worcester on both 
frieght and passenger trains to test the relative 
amount of power required at different points 


along the road, especial reference being had 
to the Springfield and Charlton grades. The 
experiment on the Modoc train, leaving Spring- 
field at 6.30 a.m., which on the day in question 
consisted of two sleepers, four passenger and 
baggage-cars and the dynagraph-car, showed 
power -required as follows :—For the first 
2920ft. out of the depot the tension on the 
draw-bar was 6526 1b.; for the next mile 
6460 Ib., the rate of speed being 32 miles per 
hour; for the next 62001b., the speed being 
36 miles, and for the last 1100ft. to the top of 
the grade 6250 1b. The last mile required the 
engine to produce 19,625,800 foot-pounds of 
power per minute. In up the grade 
from East Brookfield to Charlton, beginning 
at the station, the tension on the draw bar for 
the first 3880ft. was 5722lb. ; for the first full 
mile, the velocity being 37.5 miles, 4280 Ib. ; 
for the second mile, with 37 miles velocity, 
5232 1b. ; third, with 36 miles velocity, 5450 Ib. ; 
fourth, which contains a sharp curve, with 87 
miles velocity, 5612 Ib. ; fifth, with 41 miles 
velocity, 5230 1b. ; and sixth, which ran a 
little past the summit at Charlton, 4356 Ib. 
The engine had an 18in. by 24in. cylinder, and 
the track was in excellent condition. The 
maximum of the Springticld grade is G6O0ft. to 
the mile and the Charlton grade 51.47ft. At 
the sharpest curve the grade is about 49ft. 
Similar experiments were made on a freight- 
train of 27 cars drawn by the Adirondack, 
famous for her trials with the Mogul engine 
last summer, and showed that the tension on 


folng 


the draw-bar going up Springfield grade at a 
speed of 5.9 miles per hour was about 


16,000 
lb. : and the average strain going up Charlton 
grade at an average speed of about nine miles 
per hour was 14,500 Ib., the power required in 
the first instance being 84,840,000 foot-pounds. 
Near the top of the grade the power of the 
engine was tested by applying the brakes, and 
it was found that running at four miles per 
hour, the engine could exert a tension of 17,000 
Ib. Beyond this point the drivers would slip 
and little progress was made. Really, the 
most important experiments in which the 
association is just now engaged are in testing 
the quality of iron and steel used for bridges, 
rails, axles and car wheels. Recent trials of 
the tenacity of iron used for various bridges 
and car axles indicate that much of the iron 
now in use will only stand about two-thirds 
the strain which it is guaranteed to resist. For 
instance, some iron now being put into a new 
bridge at the East, which is supposed to stand 
a pressure of 60, 000 Ib. to the square inch, 
breaks readily at 40,000 Ib., and a car axle 
supposed to be equal to 110,000 Ib. snapped at 
70,000 lb. When it is borne in mind that the 
calculations of bridge-building engineers are 
based on the guaranteed strength of the iron, 
the reason for the fall of iron bridges becomes 
apparent at once, and instead of wondering at 
an Ashtabula horror, the wonder rather is 
that it is not repeated. ‘The Eastern Railroad 
Association, which is making these experi- 
ments, represents all the railroads on the 
Atlantic coast north of Richmond, Va., and 
east of Pittsburg and the Alleghanies and was 
organized about ten years ago, has for its object 
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the investigation of the validity of patents and 
claims to royalties for the use of the same. | 
8. M. Whipple, of South Adams, is the general | 
agent- Thescope of the association has natural- 
ly broadened, and it has been for the past few 
years largely engaged in testing the merits of 
various railway equipments with the idea of 
etting the best in every department. The 
ynagraph-car is a curiosity in itself, contain- 
ing, besides the dynagraph, which is an 
ingenious instrument registering exactly the 
amount of power required to pull a train, a 
chronograph which records the speed of the | 
train every 7} seconds, an anemometer which 
registers the velocity of the wind, whether 
natural or caused by the motion of the cars, 
and a complete set of instruments for testing 
the hardness, tenacity, ductility, density, and | 
the amount of carbon in rails, axles, &c. 
———_egpe—_—_- 


ENGINEERING STRUCTURES. 


ROPOSED GREAT IRRIGATION WORKS FOR 
THE RHONE VALLEy.—FOR some years 
the breeding of the silkworm and the cultivation 
of the vine and of the madder-plant in the 
valley of the Rhone have suffered from various | 
causes. The result has been a loss in the three 
branches of industry of about £3,200,000 yearly. 
It may be guessed what an amount of suffering 
such a reduction must be causing to thousands 
of families depending for their support upon 
them. M. Aristide Dumont, civil engineer, 
has proposed to cover this deficit by raising 
the cultivation of the soil and the breeding of 
cattle, as well as providing a remedy for re- 
storing to health vines attacked by Phylloxera, | 
by means of large irrigation works. His pro- | 
ject, including the construction of an irriggtion 
canal 310 miles long, is ably set forth in an, 
article in the Revue des Deux Mondes, by M. F. 
Vidalin, of which we propose to give a short | 
summary. | 

The importance of the project is evidenced | 
by the facts that it has already been submitted 
to the Conseil des Ponts et Chaussees, that 
twenty-four local committees have been formed, 
instructed to collect data as tothe consumption 
of water and its distribution, and that subscrip- 
tions have been received for the irrigation of 
13,000 hectares (82,125 acres) of soil. It is 
pointed out that those most interested in the | 
great undertaking are the railways, on account 
of the increased transport of agricultural pro- 
duce ; the landed proprietors, on account of 
the greater yield of forests, meadows, and 
vineyards ; the different communes, by increas- 
ing the facilities for the supply of water ; indus- 
try generally, by placing larger moving power 
at its disposal ; trade and commerce, to both 
of which a new means of communication will 
be opened ; and finally, the country as a whole, 
by larger receipts flowing into the public ex- 
chequer in the shape of increased tax-paying 
power. 

The cost of construction of the principal 
canal and its feeders is estimated at £4,800,000., 
of which the State is to contribute £1,200,000., | 
equal to a third of the outlay for constructing 
the principal canal. The remaining £3,600,000. 
are to be raised by subscription, to be paid back | 


|b 


‘and Narbonne. 


in ninety years, in annual instalments of £54, 
000, with interest at 44 per cent. 

The canal is to branch off from the Rhone 
elow Vienne, near the rocks of Condrieu, and 
thence to follow the left bank of the river, with 
a fall of 0.24 meter per kilometer (15.26 in. per 
mile). The fall of the Rhene exceeding this 
ratio, a considerable difference in the two levels 
would soon be established. The canal is to 
extend above Valence and Montbeliard, to cross 
at the defile of Mornas in large syphons to the 
right shore, and to draw on its further course 
towards the most important towns of Southern 
France, Nimes, Lunel, Montpellier, Beziersi, 
With a length of 310 miles, it 
would affect 220,000 hectares, or 543,650 acres, 
of soil to be irrigated, and offer a water supply 
to the 500,000 inhabitants of the above-named 


towns, 


It is proposed to take from the Rhone 30 
cubic meters (6,600 gallons) per second, and 


| the same quantity from other rivers met with 


by the canal in its course. It is shown that the 
flow of water of the Rhone is 400 cubic meters 
(88,000 gallons) per second, that the Cavour 
Canal takes 110 cubic meters (24,210 gallons) 
from the river Po, and that the canal construct- 
ed at the foot of the Himalayas takes from the 
Ganges seven-eighths of its volume, or 44,000 
gallons per second,in order to irrigate the so- 
called Doab for a length of 372 miles. The 
whole consumption of the Rhone Canal during 
the summer months, from April 15 to September 
15, is estimated to be 930,000,000 cubic meters, 
and during the remainder of the year 700,000, 
000 cubic meters, corresponding to the propor- 
tions of the flow of the Rhone, which, as is 
well known, is mainly fed by the glaciers 
sending their waters down valley during the 
hot season of the year. During summer the 


|meadows, during winter the vineyards, are to 


be irrigated. The yearly closing of the canals 
would have to take place in winter. 

If for a surface representing a hectare 10,000 
cubic meters of water are reckoned for irriga- 
tion, only 62,200 hectares could be watered in 
summer, and in case of more being required, 
the contents of the Rhone alone would have to 
be drawn upon, as it would not be advisable to 
withdraw more from its tributaries, on account 
of the works the power of which they supply. 
The requirement for a hectare of vineyard is - 
estimated to be at least 6,000 cubic meters. 

The rate of payment per 10,000 square meters 
to be irrigated is fixed at 63 francs, without 
regard to their mode of cultivation ; in Upper 
Italy it isstated to be 75 francs. Irrigation 
would raise the yearly rent of a hectare of dry 
soil from 50 francs to from 150 to 200 francs, 


| The power to be let out for industrial purposes 


for fifty years is estimated at 5,000 horse-power, 
a rent of 200 francs per year and power being ex- 
pected. It is hoped that, in concequence of 
the great saving effected (a horse-power, if 
steam is applied, costing at least 500 francs), a 
large number of industrial undertakings will 
spring up between Vienne and Mornas, along 
the Paris-Marseilles line of railway. The new 
irrigation canal would offer to navigation be- 
tween Condrieu and Mornas a way of transport, 
nearly 50 ft. wide and 10 ft. deep, which, with 





ORDNANCE AND NAVAL. 


285 





little extra cost, might be made one of the 
most perfect waterways in existence, and which 
it might be desirable to continue as far as 
Marseilles and the Mediterranean. Its execu- 
tion would ensure to sea-going ships of not more 
than 300 tons burthen the traffic between Havre, 
Paris, and Marseilles, compete with the St. 
Gothard Railway, and be to France a peaceable 
revenge for Sedan. 

Of the great works to be undertaken in ¢ ‘u- 
nection with the canal, the great syphon nearly 
two miles long. and to be constructed of sheet- 
iron, near Mornas, is especially mentioned. 
The inlet to the pipes is to be situate ina gigan- 
tic reservoir placed 230 ft. above the level of the 
valley ; the pipes are to cross the Rhone ona 
bridge, ‘and the water conducted in them is to be 
emptied into a large basin on the other side. 
The cost of the syphon is estimated at £280,000. 

——__ ee —___—__ 


ORDNANCE AND NAVAL. 


SS tN CastTiInG SHELLS.—While 
guns and carriages have been developing, 
it is satisfactory to find that our projectiles are 
able to keep pace with them. This is by no 
means the matter-of-course thing that it might 
appear. The casting of a shell of 2,000 lbs. 
weight is not, of course, difficult because of its 
magnitude as a casting, for it is only a large 
one as compared with other shells. The diffi- 
culty lies in the peculiar requirements of the 
case. The chilling of a Palliser projectile of 
this size, for example, is clearly a more difficult 
matter than chilling a small one; but there are 
questions connected with shells of greater im- 


portance than this because of much wider ap- 


plication. The strains that fall on a shell when 
in the bore of a gun areso great as to call for a 
degree of excellence in the metal, and of sound- 
ness in the casting, such as has an interest for 
all those who have to do with foundries. 
When shells were made with a diameter less 
than that of the bore of the gun from which 
they were fired by about 0.08 inches, the gas 
generated on the explosion of the charge rushed 
past them, pressing the sides inwards to an ex- 
tent that would scarcely be credited. We re- 
member one shell of a nine inch gun that was 
measured very carefully after firing, which had 
its full diameter of 8.92 inches at the base, 
where it was completely supported, 8.90 at 
the head where the support was less direct, and 
only 8.55 near the middle; the shell having 
been thus pinched in towards a dumb-bell form 
to the extent of 0.37 inches, which in a cast 
iron hollow cylinder, as it is, with walls 1.5 
inches thick, argues an amount of pressure 
that would hardly have been conceived was 
possible from the gas only escaping by wind- 
age, and acting only for the very short space 
of time during \ which the shell remains in the 
bore of the gun. Projectiles from our heaviest 
guns are now being fired with a copper gas 
check, which entirely reverses the state of 
things. For as there is now practically no 
windage and no escape of gas, the projectile 
experiences simply the strain of violent setting 
up which must come upon it, rather more sud. 
denly and violently than when windage existed, 
other conditions being the same, We should 


expect a shell fired with a gas check to have 
its diameter slightly increased at the centre. 
We may also observe by the way that the 
soundness of the shell at the bottom is ver 
severely tested both as to its absolute streng h 
and the liability of the gas to force an entrance 
through any crevice that may exist, especially 
round the bush of the loading hole of a Palliser 
shell, which is, as many of our readers know, 
at the base. The question, however, that we 
want now to consider, as one of special inter- 
est to founders, is that of the actual strength 
of the iron shell. Until recently it was the 
practice to turn the external surface off the 
shells after they came from the foundry, by 
which any imperfections or scales in the sur- 
face were removed, and the shells by one very 
simple operation were brought to the required 
dimensions within the desired limits of manu- 
facture. It has latterly, however, been dis- 
covered that a great sacrifice of strength was 
made by the removal of the outside skin of the 
casting, and means haye been found to turn 
out the shell from the foundry in a condition 
that left all turning operations unnecessary. 
Indeed the perfection of the casting is such that 
no one would compare the turned shells with 
those that are now issued with their skin un- 
touched after they leave the foundry. 

We are now only speaking of what is open 
to the public. We should think it was proba- 
ble that if application were made to the Super- 
intendent of the Royal Laboratory, Colonel 
Fraser, he would be able to supply much in- 
formation of special value to founders, for no 
one who saw the castings that are now being 
turned out in this department could fail to be 
very much struck by their perfection of form 
and the soundness of their surface. What is 
the extent of the gain in strength by the reten- 
tion of the skin in place of its removal cannot 
be said, but by inference we should think it 
considerable. Now comes the question, by 
what means is this result achieved? We 
always feel on delicate ground when speaking 
on questions of Government manufacture. 
We think, at all events, there can be no objec- 
tion to pointing out what is open to any visitor 
who has eyes, ears, and a certain amount of 
knowledge. Our attention was called first to 
a change in the system of casting by a very 
simple thing. We happened to be asked to 
take a friend to visit the shell foundry, and we 
pointed out some metal in a jadle, speaking of 
its probable quality from the appearance of 
the break on its surface, when we became 
aware that the metal was not being poured as 
we expected into Palliser shell moulds but into 
those for common shell. Consequently it was 
clear that the breaking had not yet begun to 
take place rapidly, and we had been deceived 
as to its quality by the fact that it was being 
poured in a much hotter conditon than was 
formerly the case. We believe tliat this will 
be noticed to be the state of metal that is being 
cast throughout the foundry, and this may 
probably have much to say to the results that 
are being achieved. At all events the fact is 
plain that castings of extraordinary excellence 
are being turned out, and we should call the 
attention of iron-masters to the fact, with the 
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suggestion, that in all probability, if they con- 
sidered it worth their while to apply to the 
Secretary of State for War, they might obtain 
information that might be very valuable, and 
we cannot suppose there would be any objec- 
tion to supply such information on the part of 
the authorities.—ngineer. 


-- 
BOOK NOTICES, 


EW CONSTRUCTIONS IN GRAPHICAL STATICS. 
By Henry T. Eppy, C. E., Ph. D., Pro- 
fessor of Mathematics and Civil Engineering 
in the University of Cincinnati. Illustrated by 
ten engravings in the text and nine folding 
plates. New York: D. Van Nostrand. Price 
$1.50. 

Readers of this Magazine do not need to be 
reminded of the value of this work, which is a 
reprint of the articles published in the Maga- 
zine from January to August. We quote the 
author’s preface: 

‘““At a meeting of the American Association 
for the Advancement of Science, held in 
August, 1876, at Buffalo, the writer read two 
papers, entitled respectively, ‘A New Funda- 
mental Method in Graphical Statics,’ and, 
‘Certain New Constructions in Graphical Sta- 
tics.’ The latter paper furnishes the basis of 
the following pages. 

‘‘Most of the problems proposed have, it is 
thought, never been solved heretofore by 


graphical methods, though partial solutions 


have been obtained in certain cases. 

“The possibility of obtaining a direct and 
complete solution of the various forms of the 
stiff arch rib is found to depend upon a theorem 
not hitherto recognized, as to the manner in 
which the equilibrium curve due to the-ap- 
plied weights is made to coincide as nearly as 
possible with the curve of the arch, which it- 
self acts asa partial equilibrium curve. It is 
the difference in position of these two curves 
which is the measure of the bending moment 
in the arch. The solution of the arch is further 
simplified by showing that it depends upon 
that of a straight girder of the same cross sec- 
tion. 

‘«The theorem above referred to, which may 
be properly named the ‘Theorem Respecting 
the Coincidence of Closing Lines,’ may be con- 

. sidered to occupy in relation to this subject, a 
place analogous to ‘Gauss’ Theorem of Least 
Constraint’ in Dynamics, or ‘ Moseley’s The- 
orem of Least Resistance’ in Statics, and we 
may perhaps add to that of ‘Legendre’s 
Method of Least Squares,’ in the Theory of 
Observations. 

‘«Those who are acquainted with the intricate 
formul used in the analytic solution of this 
problem are aware that the actual relations are 
so covereh up by these complieations that 
from them a clear understanding of the man- 
ner in which the thrust, moment, and shear 
depend upon the applied weights is diflicult, 
perhaps impossible. But it is hoped that the 
graphical investigation, which affords a picto- 
rial representation, so to speak, of these quan- 
tities and their relations, may present no such 
difficulties. And furthers the thrust, moment, | 


and shear due to changes of temperature, or 
any cause which alters the span of the arch, 
are, it is believed, here for the first time ob- 
tained by a graphical process. 

“A new general theorem is also enunciated, 
which affords the basis for a direct solution of 
the flexible arch rib, or suspension cable, and 
its stiffening truss. 

“These discussions and constructions have 
led to a new investigation of the continuous 
girder in the most general case of variable 
moment of inertia. This investigation fur- 
nishes a complete graphical solution of the 
problem, and is accompanied by an analytic 
investigation in which the general formule 
appear for the first time in simple form. 

‘** Another problem treated is that of the arch 
having block-work joints, such as are found in 
stone or brick arches, a case intermediate be- 
tween the stiff and the flexible arch. A com- 
plete graphical solution of this problem was 
proposed by Poncelet, which the reader will 
find given by Woodbury in the case where the 
arch and load are symmetrical about the 
crown. The solution proposed is far simpler, 
susceptible of greater accuracy, and is not re- 
stricted by considerations of symmetry. Wood- 
bury states that the solution given by him is 
correct for an unsymmetrical arch, but in this 
he is mistaken, 

‘**The graphical construction for the stability 
of retaining walls is the first one proposed, so 
far as known, which employs the true thrust in 
its real direction, as shown by Rankine in his 
classic investigation of the thrust of homoge- 
neous solids. It is in fact an adaptation of 
that most useful conception, ‘Coulomb’s 
Wedge of Maximum Pressure’ to the results 
of Rankine’s investigation. 

‘Tt has been found possible to obtain a com- 
plete solution of the dome by employing con- 
structions analogous to those employed for the 
arch; and in particular it is believed that the 
dome of masonry is here investigated correctly 
for the first time, and the proper distinctions 
pointed out between it and the dome of metal. 

‘* Finally, it may perhaps be said with truth, 
that neither of these problems can be solved 
with the same generality by analytic processes 
as by a graphical construction, The analysis 
almost always demands some kind of law or 
uniformity in the loading and in the structure 
sustaining the load, while the graphical method 
treats all cases without increase of complexity ; 
and especially are the cases of discontinuity, 
either in the load or structure, difficult by 
analysis but easy by graphics.” 

The following is the table of contents: In- 
troductory Formule and Theorems; Arch Rib 
with Fixed Ends; Arch Rib with Hinge Joint 
at the Crown; Temperature Strains; Arch Rib 
with End Joints; Arch Rib with Three Joints; 
Arch Rib with One End Joint; Arch Rib with 
Two Joints; Suspension Cable and Stiffening 
Truss; Continuous Girder with Variable Cross 
Section; Theorem of Three Moments; Flexible 
Arch Rib and Stiffening Truss; Arch of Ma- 
sonry; Retaining Walls and Abutments; Spher- 
ical Dome of Metal; Spherical Dome of Ma- 
sonry; Conical Domes of Metal and of Ma- 
sonry. 
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DE LA PoOUSSEE DES 
Curtre. Paris: Gau- 
by D. Van Nostrand. 


| OUVELLE a ¥ 
iN Terres. Par 
thier-Villars. For sale 
Price $3.00. 

Besides the Pressure of Earth, the author, 
almost of course, treats of the Stability of Re- 
taining Walls. It is rare that so much space 
is devoted to this topic. It isan octavo volume 


J . 


of 285 pages, and is illustrated with thirty-seven 
elaborate cuts interspersed in the text, and six 
folding plates. 


HENOMENES PHYSIQUES DE LA PHONATION 

ET DE L’AUDITION. Par J. GAVARRET. 

Paris: G, Masson. For sale by D. Van 
Nostrand. Price $4.00. 

A new interest attaches to the subjects of 
sound and hearing, since the invention of the 
telephone. 

The work before us which is a royal octavo 
volume of about 600 pages treats of the latest 
theories and especially of modes of experiment- 
ing employed by physicists. It covers about 
the same ground Tyndall’s lectures on 
sound. The illustrations are of excellent 
quality and number about one hundred. 


as 


ritisHh INpustrrEs—Horricutture. By 

F. W. Burrivee. London: Edward 

Stanford. For sale by Van Nostrand. 
Price $2.25. 

This is the latest addition to this valuable 
series of technical works, but it is by no means 
the least important or least interesting to gen- 
eral readers. The author ably, but briefly, 
discusses the following topics: Commercial 
Gardening; Fruit Culture; Vegetable Culture; 
Culinary Vegetables; Salad Vegetables; Herbs; 
Decorative Plant Culture; Fruit and Vegetable 
Preserving; Plant Propagation; Hybridizing 
and Cross Breeding; Public Gardens; Garden- 
ing Industry Abroad; Collateral Industries of 
Gardening. 

Several illustrations embellish the work. 


TREATISE ON ENGINEERING CONSTRUCTION: 
Embracing Discussions of the Principles 
Involved, and Descriptions of the Material 
Employed in Tunneling, Bridging, Canal and 
Road Building, etc., etc. By J. E. SaHre.ps, 
C.E New York: D. Van Nostrand. Price 
$1.50. 

Many and various subjects are treated in this 
little book, and all of them with exceeding 
brevity. It is a collection of rules, directions 
and formulas for the use of working engines, 
derived from the experiences of a thoroughly 
practical man, and are such as have been veri- 
tied by frequent use. 

The whole is presented under four general 
heads; viz, Foundations, Masonry, Tunnels 
and Engineering Geodesy. 

In the first of these divisions are treated the 
characters of natural soils, and the various 
artificial constructions which serve as a base 
for engineering structures; among these latter 
are Planking, Concrete, Beton, Caissons, Piles, 
etc. 

Under Masonry are presented the laws of 
Statical Equilibrium of Stone and Brick 
Arches, and Retaining Walls, together with 
the empirical rules sanctioned by long use. 


‘Tunnels ” is made to include brief direc 
tions regarding Mortars and Cements; the 
character of stones both as regards strength 
and chemical composition. The construction 
of shafts and tunnels proper has, of course, a 
fair share of space; so also has quarry ing and 
blasting, and the directions for selecting good 
timber. 

Engineering Geodesy includes some brief 
rules for solutions of problems in what is called 
Higher Surveying in the text books; such as 
Finding the Latitude; Dete ‘rmining the Meri- 
dian; Leveling by the Barometer, etc.: also 
such miscellaneous rules and tables as ‘could 
not properly be classified under either of the 
preceding heads. 

Forty-two interspersed cuts illustrate the 
text. 

— oF CHIEF ENGINEER J. W. Krxe, 

JNITED StaTEs Navy, ON EvRoPEAN 
Suips oF WAR AND THEIR ARMAMENT, NAVAL 
ADMINISTRATION AND Economy, MARINE 
CONSTRUCTIONS AND APPLIANCES, DOCKYARDS, 
&c. Washington: Government Printing 
Ottice. 

The scope of this report is well explained by 
its title, and when we say that the promise of 
the title has been well fulfilled, it will be evi- 
dent that Mr. King has produced volume 
which, at the present time especially, possesses 
more than ordinary interest. It may appear 
somewhat curious to have to refer to a report 
to a foreign government to obtain information 
respecting our own naval force, but it is never- 
theless a fact that no book published in this 
country contains so full an account of the ves- 
sels of our navy and their armament, &c., as is 
contained in Mr. King’s report. We ourselves 
have from time to time published accounts of 
all new vessels added to our navy, and Mr. 
King has, as he acknowledges, availed himself 
of our pages, while he has also drawn inform- 
ation from other current publications and Govy- 
ernment blue-books, but apart from the facts 
thus gleaned, he has collected a vast number 
of other particulars which have not, so far as 
we are aware, been published at all, while he 
has supplemented his descriptions by numerous 
sketches illustrating special points of arrange- 
ment and detail. 

The whole wag consists of octavo 
pages, and of these 130 are devoted to descrip- 
tions of vessels in the British Navy, while 
about 80 pages more treat chietly of our marine 
engines and boilers, our dockyards, and our 
naval administration, so that the navies of 
other European countries are dealt with briefly 
by comparison. Seeing that Mr. King evi- 
dently has the capacity for collecting inform- 
ation, the fair deduction to be drawn from his 
report is that the opportunities afforded abroad 
were not so great as he met with in this coun- 
try, but he has nevertheless managed to collate 
a number of facts relating to foreign navies 
which just now possess much interest. 

In the section of his report treating of marine 
engines Mr. King points out the overwhelming 
evidence in favor of the compound system, and 
says : “‘ Asyet, by no satisfactory device except 

| compounding have great expansion and conse- 
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quent economy of fuel been obtained at sea. 
In the face of these facts, further discussion 
on the subject of adopting the compound en- 
gine for the vessels of ourown navy is as useless 
as would be the discussion of the relative merits 
of the screw propeller and paddle wheel for 
ships of war.” * Mr. King also devotes a special 
section of his report to boilers, another to sea- 
valves and cocks, and steering gear, and others 
to torpedo boats, &e. 

Altogether the report under notice contains 
much valuable and interesting information, and 
it forms a volume very creditable to its 
author.—Hngineering. 


——-— ope ———-- 
MISCELLANEOUS. 


=e Steam NAVIGATION CoMPANY.— 

It appears that at the close of last year, 
this company possessed 196 steamers of aggre- 
gate force of 17,490 horse power. The compa- 
ny’s revenue for 1876 amounted in round 
figures to 1,230,000/.; the profits realised for 
the year were about 140,000/. 


M A. BERTRAND has recently experimented 
- upon electro-plating with aluminum, 
magnesium, cadmium, bismuth, antimony, and 
palladium. He had obtained deposits of 
aluminum on decomposing with a strong bat- 
tery a solution of the double chloride of 
aluminium and ammonium. A plate of cop- 
per forming the negative pole, whitens gradu- 
ally, and becomes covered with a layer of 
aluminum, which takes a_ brilliant polish 
under the burnisher. The double chloride of 
magnesium and ammonium in an aqueous so- 
lution is readily decomposed by the battery, 
giving in a few minutes strongly adherent and 
homogeneous deposits of magnesium upon a 
sheet of copper. It polishes readily. The 
battery must be powerful. Cadmium is best 
deposited from the bromide to which a little 
sulphuric acid has been added. _ It is then very 
coherent and very white, and takes a fine 


polish. The sulphate, if acidulated, also gives | 


an immediate deposit of metallic cadmium, 
very adhesive, and capable of a fine polish. 
Bismuth is deposited from:a solution of the 
double chloride of bismuth and ammonium 





the proposition that the total gravitation of the 
earth as measured on its normal surface is 
composed of the separate attractions of all its 
parts, and that the attractive influence of each 
equal volume varies directly as its density and 
inversely as the square of its distance from the 
point of measurement. The density of sea 
water being about 1.026 and that of the solid 
constituents composing the crust of the earth 
about 2.763 (this being the mean density of 
mountain limestone, granite basalt, slate and 
sandstone), it follows that an intervening depth 
of sea water must exercise a sensible influence 
upon total gravitation if measured on the surface 
of the sea. Dr. Siemens showed how this 
influence can be proved mathematicaily in con- 
sidering, in the first place, the attractive value 
of any thin slice of subtance in a plane perpen- 
dicular to the earth’s radius, supposing that the 
earth is regarded as a perfect sphere, of uniform 
density, and not affected by centrifugal force. 
It was in 1859 that Dr. Siemens first attempt- 
ed to construct an instrument based on these 
principles. The difficulties he then encounter- 
ed he has since overcome, and the present 
instrument is the result of his latest work. 
He proposes to call it a bathometer, and it con- 
sists essentially of a vertical column of mercury 
| contained in a steel tube having cup-like exten- 
| sions at both extremities, so as to increase the 
terminal area of the mercury. The lower cup 

| is closed by means of a corrugated diaphragm 
| of thin steel plate, and the weight of the column 
| of mercury is balanced in the centre of the dia- 
phragm by the elastic force derived from two 
carefully-tempered spiral steel springs of the 
| same length as the columnof mercury. One of 
| the peculiarities of this machanical arrangement 
is that itis parathermal, the diminishing elastic 

| force of the springs with rise of temperature 
| being compensated by a similar decrease of 
potential of the mercury column, which de- 
| crease depends upon the proportions given to 
| the areas of the steel tube and its cup-like ex- 
|tensions. The instrument is suspended a short 
| distance above its centre of gravity in a univer- 
sal joint, in order to cause it to retain its ver- 
| tical position, notwithstanding the motion of 
| the vessel; the vertical oscillations of the mer- 
cury are almost entirely prevented by a local 
| contraction of the mercury column to a very 





upon copper or brass by the current from a small orifice. The reading of the instrument 
Bunsen element. It is very adhesive ; though | is effected by means of electrical contact, which 
mat, it is capable of taking a fine polish, and | iS established between the end of a micrometer- 
may be introduced in the decoration of objects | S¢rew and the centre of the elastic diaphragm. 
of art. Antimony can be deposited from a so- | The pitch of the screw and the divisions upon 
lution of the double chloride of antimony and | the rim are so proportioned that each division 


ammonium at common temperatures. It fre- 
quently serves to replace platinum-black in a 
number of fine art manufactures. Deposits of 
palladium are obtained with ease by means of 
the double chloride of palladium and ammo- 
nium, either with or without the battery. The 
solution must be perfectly neutral. 


7 METHOD oF DEEP SEA SOUNDING. 

—At a meeting of the Royal Society Dr. 
Siemens exhibited the instrument he has 
devised to ascertain the depth of the sea by « 
new means without using asounding line. He 
has worked out the requirements, starting with 


| represents the diminution of gravity due to one 
fathom of depth. Variations in atmospheric 
pressure have no effect on the reading of the 
instrument, but corrections have to be made 
for latitude. The instrument has been actually 
tested in voyages across the Atlantic in the 
Faraday, and the comparisons with Sir W. 
Thompson’s steel wire sounding apparatus 
showed it was very reliable. 

The paper concluded with pointing out many 
ways in which the instrument might be of use ; 
among others was that of indicating approach- 
ing danger if contour lines were first etticiently 
mapped, 











